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*V  CTfHE  Practical  Mathematics  ieing  of  great 
^  J  and  gmeral  Ufe^  I  have  endeavoured  to  form 
X.  ^  Syjlem  of  them^  particularly  adapted  for 

Q)  the  Benefit  of  fuch  Per  fans  to  whom  they  are  of 
Service — •/«  making  the  Connexion  of  the  Farts  the 
mtfi  natural  and  tttfy^  and  the  DireSiions  fo  diJlinSt 
and  copious^  as  to  be  fujicient  to  convey  the  Know^ 
ledge  of  any  Part  of  the  enfuing  T^reatife  to  fuch 
who  have  not  the  Benefit  of  an  Opportunity  to  be 
taught  them  J  if  they  underfiand  the  Rules  of  Addi- 
tion^ SubtraSlion^  Multiplication^  and  Divifion^  in 
Arithmetic. 

The  common  Rules  of  Arithmetic  in  whole  Numbers 
being  univerfally  khown^  I  have  .begun  with  Vulgar  * 
Fraftions  >  where  I  have  fiudied  the  mofi  natural 

A  (*nd 
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j3t;i</j?i2^  Or^r, .  and  given  ibe.Hjeader  fuU  and  am^k 
Dirr&ions  how  he  is  to  manage  this  Parf^  Arith- 
metic. Then  folkv)  Decimal  Fraftions,  of  mare 
general JJfe^  aruT  a^miich  nwe  neat  and  elegant 
Method  of  Computation.  The  DoStrine  of  Decimal 
Fraiiions  differs  little  from  that  of  whole  Numbers^ 
except  in  the  Article  of  Divifion,  the  Rule  for  which 
/  have  copioufly  explained  in  feveral  Operations. 
Both  Vulgar  and  Decimal  FraBions  have  their  par-- 
ticular  Advantages. 

The  "Reader  having  acquired  the  Knowledge  of 
Vulgar  and  Decimal  FraSlionSy  the  ExtraSiim  of 
the  Square  Root  follows^  an  Operation  hut  little 
harder  than  common  Divijion.  Then  follows  the  Ex- 
fraSlion  of  the  Cube  Root,  6y  a  Method  which,  I 
thinks  is  the  bejl  I  have  yet  feen  publifheji.  The 
ExtraSlion  of  thefe  Roots  are  illu/irated  by  a  great 
Variety  of  Examples,  conneSled,  for  the  Eqfe  of  the 
Learner,  in  a  natural  and  eajy  Manner.  I  am 
obliged  to  Mr.  Triplett,  Teacher  of  the  Mathematics 
at  iCingfton,  for  his  communicating  to  me  tke  ^Ruk 
for  the  Cube  Root, 

Artificers,  in  computing  their  Work,  may  ufe 
either  Decimal  FraSlions,  or  the  Multiplication  of 
Feet,  Inches  and  Parts^  by  Feet,  Inches  and  Parts  j 
the  lafi  is  mo/ily  ufed,  and  commonly  called  Crofs- 
Multiplication ;  for  which  Mr.  Triplett  has  like- 
wife  been  fo  kind  as  to  favour  me  with  a  new  and 
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e4j^  RuUy  am  'which  the  Reader  will  find  fufficientty 
illiijiraied' by  Examples.  To  this  follows  the  Men^^ 
Juration  of  Superficies  and  Solids,  the  Meafuring 
Boards  and  Timber,  the  Explanation  of  the  five 
regular  or '  Platonic  Bodies,  the  Defcription  and 
ZJp  of  the  Sliding-Rule,  with  a  few  ^uejiions  to 
exercife  the  Learner  in  the  foregoing  Rules. 

Theje  Things  being  learnt y  it  naturally,  follows  ts^ 
teach  tb^  Reader  the  meajuringtbeff^or^  of  Car-- 
peMefSy  Bricklayers y  JoyrierSy  PlaifiererSy  Paint ers^^ 
GTazfefSy '  MafonSy  &c.  which  are  particularly  ex^ 
plained  \  and y  in  the  difficult  PariSy  I  have  confutted 

forhVofthe  mbji' eminent  Surveyor i. 

• 

Praa'icif  Gfe6bieti^  mxtfollowSy  the  ufefulPro^, 
blems  of  which  are  here  taught.     To  this  fucceeds  the 
JJfe  of  Logarithms,  that  ^reat  Difcovery  in  Mf^ 
tBem'affcSy  ^ which ' does  its  noble  Inventor  immortat 
iMmr:     TkeVfe  of  the  Logarithms  y  with  the  Table 
g^Sihes  and  "^Tangents,  /  have  endeavoured  to  e^plairi 
in  an  eajf  banner.     The  Knowledge  of  th'efe  Tables ' 
being  "^acqutredy  ^  the  Riader  is  Jhown  their  exccltent 
IJ&'iVfTmm*  Trigonometry,  both  right  and  oblique^ 
attend  i  'where 'there  iife  particular  DireSlions  how 
to' confifuSFyhtPigures  and folve  the  Problems.  After 
tbiiy  tbeiybSlrine  of  plain  Triangles  is  y  in  the  fame' 
affifk  Mdhmer'y^ applied  to  the  meafuring  of  acceffibfi  \ 
^nd  inaccfjible  Heights  and  Di fiances.     Then  follhws 
the  Method  of  Surveying :  Andy  to  give  the  Reader 

h  2,  a  fur- 
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a  further  Pleafurey  he  is  now  Jhonm  the  Conftru^M 
of  the  Line  of  Chords,  Sines,  Tangent^,  and 
Secants. 

In  the  Spherical  Geometry  I  have  attentively 
Jiudied  the  mojl  eafy  Order  in  connecting  the  fever al 
Problems  of  this  Part  of  Science  5  andy  however  new 
and  different  it  may  appear  from  the  preceding  Parts 
of  the  Bookj  I  have  taken  fucb  particujiar  Care  in 
the  DireSiiqns^  thaty  I  am  perfuaded^  the  Con-^ 
JiruSliun  (f  thefe  Problems  will  not  be  difficult  to  the 
Reader.  .  In  Spherical  Trigonometry  there  are  Di-- 
regions  how  to  conjlrudi  the  Probtemsy  and  the  Sobi- 
tions  fully  explained  by  Lord  Nepief V  Catholjc  Prp- 
pofition.  In  the  oblique  Part  of  Spherical  Trigo-^ 
nometry  all  Care  was  taken  to  render  it  as  eafy  as 
may  be. 

^By  thefe  mojl  natural  (ind  eafy  SiepSy  in  which 
every  Thing  that  is  fuperfluous  has  been  indu/iriou/ly 
avoidedy  is  the  Reader  led  to  Aftronomy,  a  Science 
which  has  its  particular  Charms.  Here  he  will  find 
a  ColleStion  of  the  moft  ufeful  and  praSiical  Problems ; 
withfome  Idea  of  the  Grandeur  of  the  Solar  Syftem, 
in  the  Magnitude y  DiJlanceSy  and  other  jiffeBions  of 
the  Planets  y  and  of  the  furprifing  Comet  which  ap- 
feared  in  1680,  and  the  intenfe  Heat  it  fujlained  in 
its  neareji  Approach  to  the  Sun.  After  this  follows. 
Diallmg* 

^hen 
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^en  the  Explication  of  the  Gregorian  &r  New 
Style,  with  the  Method  of  finding  the  Golden  Num- 
ber, Epaft,  Age  and  Change  of  the  Moon,  &c. 
follows.     Yet  the  Reader  may  begin  and  learn  thefe 
firjiy  or  when  he  pleafeSy  the  Rules  having  no  Con- 
nexion with  any  other  Parts  of  the  Book. 

The  Appendix,  containing  the  Cycles  of  the 
Planets,  is  a  Difcofoery  I  made  many  Tears  fince ; 
and  have  here  added  it  together  with  Mr.  WhiftonV 
Cycle  for  Eclipfes,  as  I  thought  it  would  be  ac^ 
ceptable  to  the  Curious. 

I  have  nothing  more  to  addy  but  that  I  do  not  fet^ 
any  ObjeSion  why  an  induftrious  Reader  may  not, 
by  himfelf  acquire  all  the  Knowledge  of  the  fever al 
Parts  of  this  Book ;  the  DireStiom  and  InfiruBiom 
are  defigned  for  that  Purpofe^  in  regard  to  Indi- 
viduals ;  and  the  whole  ColkSlion  to  bei  a  regular 
§yftem  for  the  Ufe  of  School. 
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0/  Fulgar  FraSiiom. 

ARITHMETIC  is  the  Arc  of  numbering. 
Every  Thing,  therefore,  which  may  be  numbered; 
is  the  Subjed  of  Arithmetic*  Henccj  not  only 
Inters,  or  whole  Things,  but  their  feveral  Parts, 
are  br6ught  into  aridimetical  Computation  ;  fince 
all  Thinn  are,  or  may  be  fuppofed,  divifible  into  ady  Number 
of  equal  Parts. 

Some  Things  are,  for  Convenience  in  Commerce,  by 
Cuftom  divided  into  Parts,  which  have  a  particular  Denomi- 
nation: As  a  Pound  Sterling  is  divided  into  20  Shillings,  a 
Shilling  into  12  Pence,  and  a  Penny  into  4  Farthings :  A 
Foot  is  divided  into  Inches,  and  an  Inch  into  Quarters  and 
Hatf-Qiiarters ;  and  the  like  of  other  Things.  But  it  often 
happens,  that  Integers  are  divided  into  Parts,  which  have  no 

(articular  Denomination,  but  are  denominated  only  from  the 
fumber,  by  which  the  Integer  is  divided.  Thus  any  Integer 
(as  a  Pound  Sterling,  for  Example)  may  be  fuppo^d  to  be 
divided  into  5, 13, 28, 57,  or  any  other  Number  of  equal  Parts  i 
which  can  only  be  denominated  from  the  Number  by  which 
the  Integer  is  divided,  and  called  a  fifth,  a  thirteenth,  a 
twenty-eighth,  a  fifty-feventh  Part  of  a  Ppund^  or  what* 
ever  is  thus  divided. 

B  la 


2  MAT  HEMATICS. 

In  arithmetical  Calculations,  it  often  happens,  that  Integers 
•are  divided  into  different  Parts  ;  and  a  Number  of  thofe  Parts 
are  required  to  be  taken,  which  generally  are  lefs  than  the 
Number  of  Parts  into  which  the  Integer  is  divided.  Thus  a 
Pound  Sterling  may  be  divided  into  36  Parts,  and  it  may  be 
required  to  take  19  of  thofe  Parts  ;  which  are  called  nineteen 
Thiriy-ftxths  of  a  Pound.  Again,  if  a  Pound  Sterling,  or  any 
other  Integer,  be  divided  into  17  Parts,  and  i-i  of  thofe  Parts 
are  required  to  be  taken,  this  is  called  eleven  Seventeenths  of  a 
Pound,  or  whatever  elfe  is  fuppofcd  to  he  thus  divided.  Thcfc 
are  what  are  ufually  called  Fradions,  or  the  fra£lional  Parts  of 
Things.  But,  as  it  is  frequently  neceffary  to  bring  thofe 
fra£lional  Parts  into  Calculations^^a  Method  has  been  invented 
to  cxprefs  them  in  Figures :  The  Way  of  doing  which  is  next 
to  be  fhewn. 


Of  the  Notation  of  FraSiionSy  and  their  fen)eral  Kinds. 

A  FraSfion^  otherwife  called  a  broken  Number ^  is  that  by 
which  the  Parts  df  Things  are  exprefled.  Thus,  if  we  were 
to  exprefs  three  Farthings,  a  Farthing  being  the  Fourth  of  a 
Penny,  three  Farthings  are  three  Fourths  of  a  Penny ;  -which 
mutt  be  wrote  thus,  |.  A  vulgar  Fradion  always  cooiift^  of 
two  Parts,  that  is,  two  Numbers,  fet  one  over  the  other, 
with  a  Line  drawn  betwixt  them.  To  exprefe  any  Number 
of  Inches  in  Foot-Meafure,  as  feven  Inches,  you  muft  put 
down  7,  and  12  under  it,  with  a  Line  betwixt,  as^  ;  which 
is  to  be  read,  feyen  Twelfths  of  a  Foot,  an  Inch  being  the 
twelfth  Part  of  a  Foot.  If  a  Foot,  a  Pound  Sterling,  or  any 
other  Thing,  were  to  be  divided  into  100  equal  Parts,  in  order 
to  exprefs  32  of  thofe  Pans  by  a  FraSion,  write  them  thus, 
iV^>  that  is,  thirty-two  Hundredth-Parts  of  a  Foot,  Pound, 
or  whatever  was  fuppofed  to  be  divided.  And  the  Number 
above  the  Line  is  called  the  Numerator ^  that  below  the  Deno- 
minatar :  Thus,  in  the  FraSion  above-mentioned,  -Z^,  the 
7  is  the  Numerator,  and  the  12  the  Denominator:  So  in 
this,  -j^y^,  five  Se'jenteenthsy  5  is  the  Numerator,  and  17  the 
Denominator. 

The  Denominator  is  fo  called,  becaufe  it  denominates  or 
fhews  into  how  many  Parts  the  Integer  is  divided  ;  and  the 
Numerator  is  fo  called,  becaufe  it  fixes  the  Number  of  Parts 
fignified  by  the  Fraftion  :  Thus,  In  the  Fraftion  -j^V>  'he 
Denominator  ico  flicws  that  the  Integer  is  divided  into  100 
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Parts ;  and  the  Numerator  32  fhews  that  32  of  thofc  Parts 
are  fignified  by  the  F*radion,  or  to  be  taken  for  its  Value. 

There  are  two  Sorts  of  Fradlions  common  in  Praftice ; 
namely.  Vulgar,  of  which  we  are  now  treating ;  and 
Decimal,  of  which  hereafter. 

Vulgar  Fractions  are  of  feveral  Sorts  ;  that  is,  either  proper 
or  improper^  ftmple  or  compound,  A  proper  Fraftion  is  that 
whofe  Numefator  is  lefs  than  the  Denominator,  a^^,  |^,  -Z^, 
or  the  like.  A  Fraction  is  called  improper,  when  'the  Nume- 
rator is  equal  to,  or  greater  than,  the  Denominator,  as  f ,  ^, 
y,  or  the  like.  Thefe* are  called  improper  Fradiions,  becaufe 
they  contain  the  Whole  of  an  Integer  when  the  Numerator 
is  equal  to  the  Denominator,  and  more  than  an  Integer  when 
the  Numerator  is  greater  than  the  Denominator. 

A  fimple  or  (ingle  Fradiion  is  that  which  has  but  one 
Numerator  and  one  Denominator,  as  ^^  or  any  of  the 
Fradtions  above  fet  down.  A  compound  Fradlion  is  that  which 
hath  more  than  one  Numerator  and  Denominator,  and  hath 
the  Word  of  interpofed  betwixt  the  feveral  Parts  of  which  it 
confifts :  Thus  4-  o^  t  is  a  compound  Fradlion,  expreiling 
one  Half  of  three  Fourths  of  an  Integer :  So  l  of  ^  of  ^  is  a 
compound  Fra<ftion,  fignifying  three  Fourths  pf  five  Sevenths 
of  two  Ninths  of  an  Integer,  or  whole  Thing.  Which  Kind 
of  Fraftions  are  ufualJy  called  FraSiions  of  FraSfions :  Thus  4 
Farthing  is  the  one  Fourth  of  a  Penny,  which  is  the  one 
Twelfth  of  a  Shilling,  which  is  the  one  Twentieth  of  a  Pound ; 
and  by  Fradions  is  wrote  thus,  ^  oi  -^  oi  -^  oi  z  Pound 
Sterling. 

Proper  fimple  Fraftions  often  arife  in  Divifion  of  whole 
Numbers ;  for,  when  the  Divifor  will  not  equally  divide  the 
Dividend,  but  there  is  a  Remainder,  this  Remainder  is  the 
Numerator  of  3  Fraftion,  whofe  Denominator  is  the  Divifor  : 
This  Fradion,  annexed  to  the  integral  Part  of  the  Quotient, 
gives  the  true  Qiiotient  of  the  Work.  Thus,  if  26  Pounds 
were  to  be  divided  among  3  Men,  the  Quotient  will  be  8  s 
and  there  will  be  a  Remainder  of  2  Pounds ;  which,  being 
placed  over  the  Divifor  3,  makes  the  Fradlion  ^  oi  2i  Pound, 
to  be  annexed  to  the  8  ^  fo  that  the  true  Anfwer  is  8  4*  ^^  % 
Pound,  that  is,  8  Pounds,  and  ^  of  a  Pound,  for  each  Man. 
The  third  Part  of  a  Pound  being  6/.  id,  two  Thirds  are 
I3r.  \d,  fo  that  the  true  Anfwer  is  8/.  13.  4^. 

When  a  Fraf^ion  is  annexed  to  a  whole  Number,  this  is 
called  a  mixed  Number.  Thus,  in  the  Example  above,  8  7 
is  a  mixed  Number,  8  being  the  integsal  Part,  and  \  the 
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frafiiooal  Part ;  thi^  is,  it  is  8  Pounds,  and  two  Thirds  of  a 
Pound  inore>  Alfo,  if  you  would  CKprels  18/.  15^*  it  b  tp 
be  wrote  thus,  |8  i^  or,  which  is  the  fiune,  18  ^,  that  is, 
18  Pounds,  and  three  Fourths  of  a  Pound,  which  is  15/.  for, 
the  I  of  a  Pound  being  5;.  three  Fourths  will  be  15/.  This^ 
therefore,  is  a  mixed  Number,  18  being  the  intq;ral  Part, 
^nd  a^  or  -I,  the  fra&ional  Fart, 

Having  ibewn  the  Method  of  the  Notation  of  Fra^ions 
and  the  feveral  Kinds,  I  proceed  to  ' 

J'be  ReduSiion  of  Vulgar  FraBions. 

Articli  I.  To  reduce  a  whole  Number  to  an  improper 
Fradion. 

Rule.  Place  the  given  whole  Number  as  a  Numerator,  and 
under  it  x,  or  Unity,  for  a  Denominator. 


Exam.  J, 
Reduce  8  to  an  im- 
proper Pradion. 

Anfwcr 


8 


Exam,  1. 
Reduce    13   to  an 
improper  Fraftion. 

Anfwer 


1 3 

T 


Exam.  J, 
Reduce  5  to  an  im- 
proper Fradion. 

Anfwer  -f. 

Sxam,  I.  Under  the  8,  given  to  be  reduced  to  an  improper 
Fradion,  place  i,  with  a  Line  drawn  betwixt,  which  makes 
•f)  and  is  to  be  read,  8  Units,  or  8  Wholes.  The  other 
Examples  are  done  in  the  fame  Manner,  and  do  not  require 
Explanation.  But  it  will  be  proper  to  obferve,  if  a  whole 
Nun^ber  be  given  to  be  reduced  to  an  improper  Fradion, 
whofe  Denominator  is  gi/en,  that,  in  fuch  Cafe,  the  Rule  is, 
inuhiply  the  given  Integer  by  fuch  aiSgned  Denominator,  and 
place  the  Produ£^  ov'er  the  given'Denpminator  ;  fo  will  that  be 
fui  improper  Fradb'oni  equal  to  the  given  whole  Number^ 


J^xam.  4, 
Iteduce    6    to    an 
improper  Fradion, 
whofe    Denomina- 
tor is  4, 

6 

4 

84     Aof,  Vt 


Exam,  5, 
Reduce    8    to    an 
improper  Fra£Uon, 
whofe    Denomina- 
tor is  ^. 

$ 

a 


Anf,  V*t 


16 


ExarH,  6f 
Reduce   12    to  an 
improper  Fra^iop^ 
whofe    DenoQiina* 
tor  is  15. 

12 

180     Anf.  VVf 

Exam,  4« 


RedulliMof  Fu^arFraSiims  5 

E^am.  4*  The  Integer  6  being  given  to  be  reduced 
to  aa  nnproper  Fradion,  whoTe  Denominattor  fluU  be  4; 
multiply  6  by  4,  the  Produd  is  24;  which  placed  over  4 
gives  \^,  equal  to  6  ;  as  appears  hereafter  by  the  Rule  for  find-* 
ing  the  Value  of  a  Vdgar  Fraftion. 

Exam.  5.  The  Integer  8  being  given  to  be  reduced  to  an 
improper  Fradion,  whofe  Denominator  is  2  ;  multiply  8  by 
a,  placing  the  Produ£l  16  over  the  given  Denominator  2  ;  £>  is 
^*  the  improper  Fraftion  fought. 

Exam.  6.  Multiply  the  given  Integer  12  by  the  given 
Denominator  15  (or  15  by  12,  which  is  the  fame);  the 
Produd  180  placed  over  15  is  Vy,  the  improper  Frafiion 
fought. 

Article  2.  To  reduce  a  mixed  Number  to  an  improper 
Titidion. 

Rule.  Multiply  the  integral  Part  of  the  mixed  Number  by 
the  Denominator  of  the  fractional  Part,  and  then  add  to  the 
Produd  the  Numerator  of  the  Fraction ;  this  Sum  is  the  new 
Numerator ;  under  which  place  the  Denominator  in  the 
given  mixed  Number,  and  this  will  be  the  Fraction  fought. 

Exam*  I,  Exam.  2.  Exam^  3. 

Reduce  lo  \  to  an    Reduce  18  \  to  an    Reduce  3  ^  to  an 
improper  Fradion,      improper  FraAion.      improper  FraAion. 

Int^.  10  18  3 

Mult.    54  3 

50  72  9 

Add       4  3     .  2 

54   Anf.  ?5^.        75       Anf,  y.  11       Anf.  y; 

Exam*  X.  Multiply  to  by  5  the  Denominator,  and  to  the 
Product  50  add  4  the  Numerator ;  the  Sum  54  is  the  new 
Numerator,  to  be  placed  over  5  the  Denominator  of  the 
given  FraAion  %  fo  is  ^^  the  Fraftion  fought. 

Exam.  S.  Multiply  18  by  4,  and  to  the  Produd  72  add 
3 ;  the  Sum  75  placM  over  4  gives  V,  the  Fradion  fought. 

Tb^  thtf4  Example  is  done  in  the  fame  Manner. 
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Exam.  4.  Exam*  5.  Exam.  6. 

Reduce  134  to  an    Reduce  97 -^  to  an    Reduce  127  44  ^^^^'^ 
iinproper  Fraction,     'improper  r  radion. .    improper  Fra^on. 


»3 

97 

127 

7 

\ 

3 

27 

91 

291 

889 

5 

2 

354 

96 

Anf. 

293  Anf.  »!'. 

3449 

« 

1 

16 

3445     Anf. '4^^ 

-''''•  3-  To  reduce  compound  Frafiions  to  fimple  Frafilons, 
Rule.  Multiply  all  the  Numerators  together    for  a   new 
Numerator,  and  all  the  Denominators  for  a  new  Denominator ; 
the  Produdt  of  the  Numerators,  being  placed  over  the  Produ£): 
of  the  Denominators,  will  be  the  fimple  Fradion  fought. 

Exam.  I.  Exam.  2. 

Reduce  4^  of  ^  to  a  fimple.     Reduce  ^  of  ^  of  -^  to  a 
Fraction.  fimple  Fraftion. 

12  14 

•34  I  12 

3         8  Anf.  4.  I  48 

I  20 


I        960  Anf.  ^. 

Exam.  I.  The  two  Numbers  i  and  3  multiplied  give  3  for 
the  new  Numerator  |  then  multiply  the  two  Denominators 
2  and  4,'  which  makes  8,  for  the  new  Denominator  3  fo  is  |- 
the  fimple  Fra3ion  fought. 

Exam.  2.  The  Numerators,  being  all  Units,  in  multiplying 
produce  i  for  the  new  Numerator.  The  Denominators  4,  12, 
and  20,  multiplied  together,  give  960  for  a  new  Denominator : 
Thus  is  -^  the  Fraflion  fought. 

The 


ReduHicn  of  Vidgar  Fronton. 
The  following  Examples  sure  done  in  the  fame  Manner. 


Exam,  3. 

Exam.  4. 

Reduce 

4  of  T?y  to  a  fimpfc 
Fradion. 

Reduce  \  ^^J-^^  A 
Ample  Fradion. 

7 

10 

a           3 

3 

5 

4            7 

_» 

'             • 

— M         — 

21 

50            AnC  44. 

8          21 
6          13 

- 

48          63 
21 

to  a 


Exam.  5. 
Reduce  4f  of  ^  to  a 
Fradion. 


43 

17 

301 
43 


66 

594 
66 


731         13154       Anf. 


7H_ 
TUT' 


273        Anf.  A^. 


fimple      Reduce 


5 

TT 


Exam.  6. 
of  I  of 


1 1 


to  a 


5 
3 

15 
II 


fimple  Fradton. 
12 

84 

12 


15  1008 


15 


i6s 


Am.  Ts^y, 


Artieh  4.  To  reduce  fim{rfe  Fra£Hons  having  different  De« 
nominators  to  FraAions  of  the  fame  Denominator. 

RttU,  Multiply  each  Numerator  into  all  the  Denominators 
except  its  own  \  thcfe  Produfb  are  the  new  Numerators  for 
each  Fradion  whofe  Numerator  was  fo  multiplied :  Then 
multiply  all  the  Denominators  together;  this  Produd  is  the 
common  Denominator  to  all  the  FraSions. 

Exam.  I. 
Reduce  i  and  |  to  Fra£lions 
of  the  fame  Denominator. 


X 

4 


3      4 

2       2 


Exam.  2., 

Reduce  ^  and  ^  to  the  fame 

Denominator.^ 


2 
5 


4 
3 


5 
3 


468      Anf.  4  and  4.      lo    12    15 


Anf.  \\  aB^. 
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Bx«m,  3. 
Reduce  |  and  -f.  and  y  to  Fra^ions  of  the  &me  Denominators. 

3*44 
3  4  3  3 

9         .     8  '         12  12 

5  5  4  5 

—  —   —  —  Anr«er 

45  40  48  60  ^and^and^. 

Exam.  I.  Th^  Numerator  i  multiplied  by  the  Denominator 
4  is  4,  for  a  new  Numerator  to  the  Fradion  \ :  The  Nu- 
merator 3  multiplied  by  the  Denominator  2  is  6,  for  tlie  new 
Numerator  to  the  Fradion  ^ :  Then  the  Denominator  2 
multiplied  by  the  Denominator  4  is  8,  for  the  common  De- 
nominator to  both  the  Fra£lions. 

The  fecond  Example  is  done  in  «he  fanne  Manner. 

Exam.  3.  The  Numerator  3  multiplied  by  the  Denominator 
3,  and  that  Frodu£t  by  the  Denominator  5,  is  45^  the  new 
Numerator  for  the  Fra^ion  ^ :  The  Numerator  2  multiplied 
by  the  Denominator  4,  and  that  Produd  by  the  Denominator 
5,  is  40,  the  new  Numerator  to  the  Fradion  yi  Then  the 
Numerator  4  multiplied  by  the  Denominator  3,  and  that 
Produd  by  the  other  Denominator  4,  is  4S}  the  pew  Na* 
merator  to  the  Fradion  ^-i  Laftly,  mukiply  all  the  De- 
nominators together,  and  the  Produd  is  60,  tbe  common 
,  Denominator ;  which,  being  put  under  each  of  the  Numera- 
tors  before  found,  gives  the  Fradions  |^,  ||.,  and  |4,  equal 
to  the  given  Fradions. 

The  following  Examples  are  done  in  tfae  fame  Manner. 

Exam^  4.  Exmm.  5. 

Reduce  A  «Ki  tV  and  f  to  r^^^  ^  ^^j  ^  ^^  Fradions 

5:raaions  of  the  fan  De-  of  the  fame  Denominator, 
nominator. 

1  S         10  ir  9  13 

10      12      12        13      12      12 
70      to     120        33     108     156 

6    10     6     II 


648   420   600   720     143 
Anf.  144  and  HJ  and  ^If      Anf,  ^||  and  -J^. 
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Article  5.  To  reduce  compound  Fr^iom  and  fimple 
Fradions  to  FraAions  of  the  (ame  Denominator. 

Huh.  Firft  reduce  the  compound  Fraction  to  a  fimple 
Fradion,  by  Art.  3 ;  then  reduce  that  aM  the  given  fimple 
FrafiioDy  to  Fradiona  of  the  fame  Denominator,  by  Art.  4, 


Esc4ifn.  I. 

Exam.  2. 

Reduce  i  of  |  and  j.  to  Frac- 
tions  of   the  lame  Denomi- 

Reduce •}•  of  f  and  ^  to  Frac- 
tioas:of  the  iame  Denomi- 

nator. 

nator. 

1        %      \  fimple  FraAion 
3        4           for  .the  com- 
—      —           pound    Frac- 
3.       8           tion. 

3      8     44  compound  Frac- 
5       7           tion   reduced  to 

—    —          a   fimple   Frac* 

15     56          tion. 

|.  and  -f  to  be  reduced  to  the 
fame  Denominator. 

-J4  itnd  T  to  be  reduced  to  the 
fame  Denominator. 

3        1        ^ 
787 

•-      ^-      — •          Anfwer 
ai       40      56       ^aod^l. 

15      56      S6 

45     112    1^8   ,^and-{4J. 

Exam.  I.  The  Numetators  i  and  3  of  the  compound 
Fradioa  multipliied  together  give  3,  for  a  new  Numerator  ; 
and  the*  Denominators  2  and  4  multiplied  together  produce 
89  for  a  new  Denominator  j  which  reduces  it  to  the  fimple 
Fradion  f,  by  Art.  3 :  Then  the  Numerator  3  of  this  new 
Fradjon  multiplied  into  the  Denominator  7  of  the  given  fimple 
Fradion  is  21,  for  a  new  Numerator  to  the  Fradion  \ ;  and 
the  Numerator  5  multiplied  into  the  Denominator  8  is  40, 
for  the  other  new  NuHierator:  LatUy,  the  Denominators  8 
and  7  multiplied  make  56,  kit  the  common  Denominator;  over 
which  placing  the  Numerators  before  found,  the&  are  the  two 
new  Fradions  fought. 

Exam.  %.  Multiplying  3  and  5,  the  Numerators  of  the 
compound  Fradion,  the  Produdt  is  15  ;  multiplying  7  and  8» 
the  Denominators  of  the  compound. Fradion,  the  rrodud  is 
56 ;  and  \^  is  the  fimple  Fradion :  Hence  the  two  fimpie 
Frafiions  are  44  ^^  t*  Now,  15  multiplied  by  3  is  45^  one 
of  the  new  Numerators  ;  and  2  multiplied  by  56  is  112,  the 
other  new  Numerator ;  and  56  multiplied  by  3  is  168,  the 
common  Denominator  t  Hence  ^^^  and  4ti-  ^fe  the  two  new 
Fradions  fought. 

The  two  foUowifig  Examples  are  done  in  the  iame  Manner. 

C  Exam.  3. 


;:j:^. 


fO 


Exam.  3.  Reduce  7  of  7  and  ^ 
to  Fractions  of  tl]«  fame  Dc- 


Exam,  4.  Reduce  \  and  |.  of 

4  to  Fractions  of  the  fiunc 

Denomination. 

2         3     17  finiple  Fradlon 

for  the  com-' 
pound    Frac- 
tion. 


nomination. 

a        3       ^  fimple  l^raAion 

1  2  for  the  com- 

—  —  pound     Frac- 

2  6  tion. 

^  and  ^  to  be  reduced  to  the 

£une  Denomination. 
236 
464 

—  —    —  Anfwer 

8     18    24        ^V  ^°^ 


4 
8 


5 

IS 


^  and  ^  to  be  reduced  to  the 

iame  Denomination. 
IS      8    15 

3      5      5 

—    —    —  Aniwer 

+5    40    75 


4  5  sirifl  ^^ 


ArticU  6.  To  reduce  mixed  Numbers  and  fimple  Fradions 
to  Fradlions  of  the  (ame  Denonjiination.     . 

Rule.  Firft  reduce  the  mixed  Number  to  an  imp/oper  Frac«* 
tion,  bv  Art.  2  \  then  reduce  that  improper  Fnu^ion  and  the 
given  fimple  Fra£tion  to  a  common  Denominator,  by  Art.  4. 

■ 

Ex.  2.  Reduce  7  \  and  3  ^  and 
y  to  a  commoD  Denominator. 

7 


Exam,  I.  Reduce  9  \  and  ^^ 
to  the  fame  Denominator. 


9 

5 

45 
4 

49 


Y  the  mixed 

Number  re- 
duced to  an 
improper 
Fraction. 


28 
3 


3 1 


3 
2 

6 
I 


i 


49 

■5 


and  -/y  to  be  redu<ped  to 
the  fame  Denominator* 


31  7 

Whence  the  two  mixed  Num- 
bers are  reduced  to.  the  im* 
proper  FraAions  y  and  ^i 
which  Fradions,  and  y,  are 
to  be^reduced  to  a  coounon 
penominator. 


49 

ID 
490 


7 
5 

35 


Anfwcr  V?  and 


ID 

5 


1  f 


7 


T 


3  I 

3» 

2 

62 

7 

434        196        48        56 
Aafwcr  *^*  and  \^  and  44. 

Exam*  i« 


7 

4 

28 
7 


6 
2 

12 

4 


4 

2 

8 

7 


RedttSion  of  Vulgar  FraSiichs. 


II 


Exam.  I.  The  Integer  9  multiplied  by  5  the  Denominator 
of  the  Fradion  Is  45  ;  to  which  4  the  Numtntor  being  added^ 
is  49,  for  a  new  Numerator ;  under  which  placing  the  De- 
nominator 5,  the  improper  Fraftion  is  Y>  '^y  Art.  a.  Then 
multiply ine  the  Numerator  49  by  the  Denominator  10  of  the 
given  fimpTe  Fradion,  the  ProduA  is  490  ;  and  the  Numera^tor 
7  multiplied  by  the  Denominator  5  of  the  improper  Fraftion 
V  is  35 ;  thefe  are  the  new  Numerators.  L;^ftly,  the  tw0 
Denominators  5  and  10  multiplied  give  50  for  the  common 
Denominator.  Whence  ^-^  and  44  are  the  Fractions 
fought. 

Exam.  2.  The  mixed  Number  y  J  being  reduced  to  the 
improper  FraAion  V>.^^  ^^  ^^^  mixed  Number  3  \  to  z^ 
by  Art.  2 ;  multiply  the  Numerator  31  into  th^  two  Deno* 
minators  2  and  7,  which  makes  434,  for  a  new  Numerator 
to  the  Fradion  y  ;  and  the  Numerator  7  multiplied  into  the 
Denominators  4  and  7  is  196,  for  a  new  Numerator  to  the 
FraSion  ^;  alfo  the  Numerator  6  multiplied  by  the  Deno- 
minators 4  and  2  is  48,  for  a  new  Numerator  to  the  Fradion 
4 :  Laftly,  the  Denominators  4,  2,  and  7,  multiplied,  give 
56  for  a  common  Denominator  to  the  Fractions  V^,  '-^^ 
and  ^. 


Exam,  3* 

Reduce  \  and  5  7  to  Fradions 
of  the  fiune  Denomination. 


Exam.  4* 

Reduce  3  ^  and  ^  to  Fradions 
of  the  fame  Denomination. 


S 

2 

10 

X 

II 


B  t 
T 


2 
2 


II 

3 


3 

2 


V    the  mixed 
Number  re- 
duced to  an 
improper 
Fraction . 


3 

4 

12 

X 

'3 


1  "K 


y    the  mixed 
Number  re- 
duced to  an 
improper 
Pradion. 


4 


13.  4        5 

5*  4        4 

Anfwer        — •  -^  — 

^and  V-      65  16      ^^ 


4      33      6 
Thefe  Examples  are  done  as  the  firft  and  fecond, 

C  2 


Anfwer 

**  and  "* 


^r//Vfc 


11 


MJTHEMATICS. 


ArticliT.  To  reduce  a  mixed  Number  and  a  compound 
Fraction  to  the  fame  Denomination. 

Muk.  Reduce  the  mixed  Number  to  an  improper  Fraaion, 
by  Art.  2  ;  then  reduee  the  compound  Fraflion  to  a  fimple 
Fraaion,  by  Art.  3  ;  laftly,  reduce  thefe  two  Fradions  to  the 
fame  Denomination,  by.  Art.  4,  and  tbey  will  be  the  new 
Fradions  fought. 


Exam.  I. 


Exam.  %. 


Reduce  3  ^  aiid  4  of  ^  to  the    RcAiee  96  -J^  and  4.  of  |  to 
fame  Denomination.  the  fame  JDenomtnation. 


3 

7 

31 

3 
24 


2 
3 


3 

4 

12 


6 


3-4 

T 


Whence  the  two  Fraflions  in 
the  Room  of  them  that  were 
given  arc  y  and  ^\. 


22 

288 


6 

7 

42 


12 
7 

84 


Anfwer  *„  and  t* 


TT 


tt"?' 


96 

I        3 

36 

3        5 

—         — ^ 

576 

3      «5       ^ 

288 

3456 

7 

, 

3463 

*4I* 

Hence  the  two  Fradtoos  in 

the  RoAin 

of   thofe   in    the 

Example  are  *  44'  and  ■^. 

3463 

3           36 

15 

36        »s 

I73»S 

18  ■       180 

3463 

9           36 

5194s 


108      540 


Anfwer  'i^^  and  fj|. 

jE;r/7W.  I.  The  Integer  3  multiph'ed  by  7  is  21 ;  to  which 
add  3,  and  it  makes  24 ;  thus  is  3  -f  reduced  to  y-.  Then  the 
Numerators  2  and  3  of  the  compound  Fraftion  multiplied 
give  6,  and  the  Denominators  3  and  4  multiplied  give  la ; 
therefore  1^  is  the  fimple  Fraaion  to  which  the  compound 
FraAion  is  reduced.  The  Numerator  24  multifdied  into  the 
Denominator  12,  and  the  Numerator  6  into  the  Denominator 

7»  V^^ 


RedalHon  of  Vu^ar  FraSions.  13 

79  gi^c  ^^'^  '^^^  Numerators  288  and  42.  Laftly,  the  De« 
nominators  7  and  t2  multiplied  produce  84,  for  the  common 
DeRominator;  over  which  placing  the  Numerators  befote 
found,  we  have  yj^  and  |4,  the  Fiadions  fought. 

Exam.  2.  The  mixed  Nunber  96  -^  is  reduced,  by  Art,  2, 
to  344'  ;  and  the  compound  FraAion  y  of*  -f  ^^  ^^  iimpte 
FraAion  ^  by  Art.  3.  I'hen  reduce  thefe  two  Fra^ions 
to  a  common  Denominator,  by  Art.  4,  and  we  have  ^tri' 


att<i4T4» 


the  Fradions  fought. 


Articled.  To  reduce  .fimple  Fradi^is  and  Integers  to 
FraAions  of  the  fame  Denominator. 

Ruk.  Multiply  the  Integer  by  the  Denominator  of  the 
FraAion;  make  this  Product  a  Numerator  by -writing  under 
It  the  Denominator  of  the  Fraction ;  which  Fra^ioh  wilt  be 
inflead  of  the  Integers,  and  will  hitve  the  fame  Denominator 
with  the  given  Fra<5tion.  '^     •. 


Exam^  I. 

Reduce  6  to  a  Frac- 
tion of  the  fame 
Denominator  with 

6 

4 
—  Anfwer 

24  V  ^^  i- 


Exam,  2.  Exam.  3. 

Reduce    35    t^  a*  Reduce    14    to   a 

Fradion  of  the  (ame  Fra£lion  of  the  fiune 

Denominator  with  DeAomhiator  with 


% 


h 


35 
7 

245 


Anfwer 
*4:*andf 


H 
9 


126 


Anfwer 
andf. 


Exam.  I.  The  Integer  6  multiplied  by  4  the  Denominator 
of  the  given  Fradion  is  24,  for  a  Numerator  ;  under  which 
placing  4  the  Denominator  of  the  given  Fradion,  we  have  the 
improper  Fradion  y ,  having  the  fame  Denominator  with  ^ 
the  given  Fradion. 

The  other  two  Examples  are  done  in  the  fame  Manner. 

ArtkUa.  To^  reduce  a  compound  FraAion  and  Integers  to 
the  (ame  Denominator. 

Mule.  Reduc^  the  compound  Fraiftion  to  a  fimple  Fradion, 
by  Art.  3;  then  reduce  the  Integer  to  an  improper  Fradion  of 
thefkme  Denominator  with  the  fimple  Fraaion  before  found, 
h{r  Alt.  8 :  Thefe  will  be  the  Fraaions  fought. 


»«■ 


Sxam. 


«4 


MAtHEMATICS, 


of  4-   and 


Reduce  4.   of  ^   and     5    to 
Fiadions  of  the  ikme  Deno- 


minator. 

I 
3 


Exam*  2, 

Reduce  ^  of  Vr  ^<1  <7  to 
Fradiom  of  the  &me  Deno- 
minator. 


1 
8 


s 
T 


5 

8 


40 


3 
3 


16 

4 

64 


64 
'7 


Anfwer  4  ^n^  V* 


Anfveer 
^and 


XO88 


fjTtfm.  I.  The  T^'umerators  i  and  3  of  the  compound 
FraAion  multiplied  give  3,  and  the  Denominators  2  and  4 
multiplied  give  8  ;  the  compound  FraAion  is  thus  reduced  to  the 
fimple  Fraaion  4 :  Then  multiply  the  Integer  5  by  the  Deno- 
mtnator  8,  and  it  gives  40  for  the  Numerator ;  under  which  place' 
the  I>nominator  8 :  So  are  |  and  y  the  Fradions  fought. 

The  fecond  Example  is  done  in  the  iame  Manner, 


Exam.  3. 

Reduce  4  of  ^  of  ^^  and  1 6  to 
FraAions  of  the  (ame  Deno- 
minator. 


Exam.  4, 


to 


3 

2 

6 
7 


5 
3 

IS 

10 

150 


Reduce    7    and    ^   of  ^J 
FraAions  of  the  fame  Deno- 
minator, 


3 
T 


T*l^ 


2400 


Anfwer  T*^  and  Vn?- 


I 


42 


Anfwer  V  ^^  t- 


Exam>  3.  The  three  Numerators  3,  2,  and  7,  multiplied 
together*  give  42  ;  and  the  three  Denominators  5,  3,  and  10, 
multiplied  together,  m^tke  150,  for  the  Denominator;  fo  is 
the  compound  FraAion  reduced  to  the  fimple  Fiadion  .|^. 
Multiplying  the  Integer  16  by  150,  the  Produft  is  2400,  for, 

the' 
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the  Numerator  of  the  improper  Fraction,  anfwering  to  1 6  ; 
under  which  place  the  Denominator  150:   Whence  VV^  and 
VtV^  are  the  Fraftions  fought. 
The  fourth  Example  is  done  in  the  &me  Manner. 

Article  10.  To  reduce  mixed  Numbers  and  Integers  to  the 
fame  Denomination. 

RuU*  Reduce  the  mixed  Number  to  an  improper  Fraffion, 
by  Art.  2  i  then  reduce  the  whole  Number  to  an  improper 
Fraftion  of  the  fame  Denominator  with  the  former  Fradion, 
by  Art.  8  $  and  thefe  will  be  the  Fradioas  fought. 


Exam.  J, 

Reduce  2  ^  and  6 
to  Fradions  of  the 
iame  Denominator. 

2  6 


Exam.  2. 

Reduce  3  ^  and  11 
to  Fra&ions  of  the 
fame  Denominator. 


Exam.  3« 

Reduce  I2  7axid62 
to  Fraftions  of  the 
iame  Denominator. 


8 
3 


^4 


44 


3 

4 

12 
I 


II 

4 

44 


V 


12 

2 

24 
I 


62 
2 

124 


11 


1  f 

7 


AnC  y  and 


*4 


^3 


1 3 


25 


IS 


Anf.  V  and  y.       Anf.  V  and  «i*. 


fx-tf /n.  I .  The  Integer  2  multiplied  by  the  Denominator  4, 
to  which  Produft  adding  3,  makes  the  improper  Fradion  y , 
equal  to  2  ^ ;  then  the  Int^er  6  multiplied  by  the  Deno- 
minator 4  is  24,  for  a  new  Numerator  to  the  other  Fradioa 
y ,  equal  to  6 :  Whence  y  and  y  are  the  Fradions  fought. 

The  other  Examples  are  done  in  the  iame  Manner. 


Addition  of  Vulgar  Frontons. 

Jrticli  II.  To  add  fimplc  Fra£lions  together. 

Rule.  If  the  given  Fradions  have  the  iame  Disnominator^ 
add  the  Numerators  together,  and  place  that  Sum  as  a  Nume- 
rator over  the  common  Denominator;  but,  if  the  Deno- 
minators of  the  Fractions  are  different,  reduce  them  <o  the 
fame  Denominator,  by  Art.  4,  and  then  add  their  Numerators 
together,  and  under  this  Sum  place  the  common  Denominator  ; 
an$l  this  Fradion  will  be  the  Sum  of  the  given  Fractions. 

.  Exam» 


ftf  MATHEMAriCS. 

Exam.  i«  Exam.  2. 

Add  7  and  \  together.  Add  ^  and  \  and  ^  together. 
2           '3             4  1322 

4  3  3  5255 


8 

9 

12 

5 

6 

10 

10 

• 

7 

7 

a 

7 

• 

Q 

8 

35 

42 

20 

70 

rV»«JA 

^•i  Anf. 

^aod 

l^and 

10 

35 
42 

20 

f&  Anf. 

Exam  I»  The  given  Fra£lion  ^  znA  ^  being  reduced,  by 
Art.  49  to  TT  ^^d  ^,  add  the  Numerators  8  aiul  9  together  ; 
tnd  their  Sum  17  placed  over  the  common  Denominator  la 
gives  yl^  for  the  Sum  of  the  given  FraAions.' 

Exam.  2.  The  three  Fradions  reduced  to  a  common  Deno- 
Hiinator^  by  Art.  4,  are  ts>  tt*  ^^  rl  >  therefore,  adding 
the  three  Numerators  35,  429  and  20  together,  and  placing 
their  Sum  97  over  the  common  Denominator  70,  we  have 
the  Fradion  f^,  the  Sum  of  the  three  given  Fradions. 

The  V990  following  Examples  are  done  in  the  fame  Manner. 

Exam.  3*  Exam.  4« 

Add  ^,  ^  and  4^  together.  Add  7>  f>  a^^"  x  together. 

321           4  1238 

S45J  5655 

15  8  5  20  5        "        '5        40 

774  7  8866 

105        56        20        140         40        96       90      240 

N6w  the  three  Fradions  to  be    Now  the  three  Fradions  to  be 
added  are  4^.,  ,?/^,  and  ^Vo-     added  are  ^,  -^^^  and  ^. 

105  90 

20  40 

Anfwer  4^-J..  Anfwer  \^. 

Article 


f* 


Article  12.  To  add  compound  and  fimple  Fradions  together. 

RmU.  Reduce  the  compound  Fradion  to  a  Jimple  FraSion, 

by  Art.  3 ;  then  reduce  that  and  the  given  fiaif^  Fradion 

to  the  lame  Denominator,  by  Art.  4 ;  laftly,  add  the  Nume^ 

"  lators  together,  under  which  Sum  place  the  common  Deno- 

mixutor,  as  in  the  laft  Article* 

E^am,  i^  Exam.  2« 

Add  ^  of  I  and  7  together.         Add  ^  of  |  and -^  together. 

3  4  23 

5  9  3  8 

'S  36  H  6  24  T*F 

Now  the  two  FradHons  to  be    Now  the  tw»  Fradiont  to  be 
added  ire  4f  and  |.  added  tfre -^  and  V^« 


15  3*        '  3* 

727 

105  yz        252 


.6  24  24 

*J  4  13 

78  96  72 

24 


Add|«to,iy,  andl^f  Is 

theAniwer.  '^  ^ 

Add  ^  to  ^  and  i^  U 
th^Anfwer. 

Bxam»  X.  Tltf  compound  FraSion  ^  of  j.  is  reduced,  by 
Art.  3»  ^^ijt'»  reduce  that  and  the  given  FraAion  y  to  the 
fame  Denommator,  by  Art.  4,  and  we  have  |4t  ^"^  1^ ' 
then  add  t^  Numerators  105  and  72  together,  and  their  Sum 
177  phced  over  the  common  Denominator  252  is  .^f^  the 
Sum  of  the  given  FraAtons. 

Exam.  2.  The  compound  Fradion  4  of  i^Jlxj  Art.  3,  is 
reduecd  to  ^;  then  reduce  ^  and  VV  to  /^and  ^y  'by 
Aft.  4 ;  laftty,  add  the  Numerators  together,  placing  the^: 
Sum  over  the  Denomiiisttor  312,  and  they  give  444  for  tht 
Sum  of  the  girsn  Fiaftiom. 


Tbt 


f 


i8  mas:  HE  MAGICS. 

The  foliowihg  Examples  are  done  by  the  ijune  Rule, 


Add 

I 
7 

7 
5 

35 


I 


Exam*  3. 

of  ^  of 
together. 

2 

9 

18 
8 

144 


s 

T 


and 


3 


Add 


^  of 


Exam,  4. 

F  ^and 
together. 


and  44. 


and  i 


9 
3 


17 
10 


1 7  ff 


3  5 


27  170 

Now  the  three  FraSipns  to 
be  added  are  t^,  44,  and  |. 


Now  the  two  Fradions  to  be 
added  are  -^^  and  ^. 


15 


35 

4 

140 


144 
3 

43^ 


»44 

4 

576 


13s 

27 

405 
8 


II 

170 

770 

II 

1870 

8 


170 
3 

510 

»5 

aS50 
510 


170 
IS 

850 

170 

2550 
8 


Add  ffl  to  If^,  and  ff|  is    3240     14960     7650  20400 
the  Anfwer. 

AAA     3*40       14960       7650 
^^  lUev  is  the  Sum  fought. 


Article  13.  To  add  mixed  Numbers  and  ilmple  Fractions 
together. 

Rule.  Reduce  the  mixed  Number  to  an  improper  Fradion^ 
by  Art.  2  ;  reduce  this  improper  Fradion  and  the  given 
fimple  Fraction  to  the  (ame  Denomiivitor^  by  Art.  4  $  then 
add  the  new  Numerators  together,  and  place  their  Sum  over 
the  common  Denominator,  as  in  the  two  preceding  Artictes. 


Exam,  I.    Add  7  t*^  and  ^  together. 


7 
10 

70 
3 

73 


a 


41  the  improper. 
Fradion    In 
the  Room  of 
the  mixed 
Number. 


73 
9 

6J7 


4 
to 

40 


10 
9 

90 


Add  V^  to  ^y  and  V^  is  the  Anfwer. 


Exam.  z. 


AitHHon  of  Vu^ar  PfttBHons,  v^ 

r 

Exam.  2.    Add  3  ^  and  44  together. 

3  17,  t% 

T  XT 

7 

— i  y  the  improper  22  i2  27 

21  Fraflion    in  27  7  7 

I  '  the  Room  of        ■  —         ■  ■  ■     - 

«^  the     mixed  154  84    .      189 

22  Number. 


Add  -f|$  to  t\^,  and  4^4  is  the  Anfwer, 


'  £xam.  I.  The  mixed  Number  7  iV  <s  reduced,  by  Art  2, 
Co  the  improper  Fradion  ^ ;  reduce  thb  and  the  given  Frac-« 
tion  ^  ro  Fradions  of  a  common  Denominator,  by  Art.  4, 
and  we  have  ^^  and  ||- ;  then  adding  the  twp  Numerators 
657  and  40,  it  makes  697,  to  be  placed  over  90  the  common 
Denominator :  Thus  is  ^'  the  Sum  of  the  given  Fradion 
and  mixed  Number. 

The  fecond  Example  is  done  in  the  fame  Manner. 

.  AriicU  14.  To  add  mixedNumbecB  and  compound  FradiQn? 
together. 

Ruli.  Reduce  the  mixed  Number  to. an  improper  Fraftion, 
bv  Art.  2 ;  then  reduce  the  compound  FraSion  to  a  fimple 
FraAion,  by  Art.  3'$  reduce  thefe  two  Fradlions  to  the  iame 
Denominator,  by  Atr.  4 ;  then  add  their  Numerators  together 
for  a  new  Numerator,  placing  it  over  the  common  Denomi« 
nator,  and  this  Fradion  will  be  the  Sum  of  the  given  Fra£tions. 

Exam.  I.    Add  2  ^  zxiA  I  oi  -^^  together. 


2 

3 

12 

'2 

21 

48 

7 

7 

4 

48 

7. 

7 

14 
5 

21 

48  ^ 

4 

152 

76 

»47 

336 

1 

19 

V 

912 

Hence  the  two  fimple  Frac-    Add  f  J^  to  445,  and  '^  is 
tions  are  ^-f  and  ^.  the  Anfwer. 


D  2  Exam.  z. 


Exam.  %.  Add  7  i^  and  |  of  ^  together. 

i6       5    II      ill      15     88 
7       3     8       88      16     16 

X12      15    88  U   968      90     5^S 
9  968      15     88 

121        SV  1^49  240         Mf>8 

Hence  the  two  fimple  Fiac-     Add«  VrMr    ^<^  -r^   ^ 

tionsarc  Vir  >^  fi«  '^nrr  i^  ^  Anfwer. 

fjTtfjii.  X*  The  mixed  Number  1  f  is  reduced,  by  Art.  a, 
to  the  improper  Fradion  '^  ;  land  the  compound  FraAion  ^  <tf 
y^  ie  reduced,  hy  Art.  3,  to  the  .fimple  Fndion  ^ ;  ti|» 
xedudng  thefe  two  Fradibns  to  Fradiont  of  the  iame  Dcnp* 
nioator,  by  Art.  4,  gives  m  and  M^  wboie  Numerator! 
added  cosher  sujce  1059,    which    being  placed  over  th« 

common  Denominator  336  is  *xr^y  ^  ^  ^^^  ^^  ^  gi^^^ 
IDixed  Number  and  compound  FnSSion* 

The  fecond' Example  and  the  two  following  are  done  in  ik% 
lame  Way,  ■ 

Exam.  3.  Exam.  4. 

Add  a  4  and  4  of  f  ^f  ^     Add  J  4  and  4.  of  i  together. 


together. 


8  $ 


3  »  4 


?  «  3 


% 


16  10         54 

3  4  3 


IS  3  «      I 

2 


19       V         40  162      T*A  '^  ^ 

Hence  the  two  'Timple  Frac-    Hen/:e  the  two  fimple  Frac< 
tions  are  '•/  and  1^.  tions  are  y  and  |. 


162  40  162 

19  8  8 


.% 


'738 

8  5  5 


1458         320       1*96 
162 

3078 


136  15  40 

Add  gu'  to  U.  uid  VW' 


the  Anfwer. 


Add  4^  to  .^^  and  4ifi 

m  the  Anfwer.  ArticU 


AiXtim  4  Vnlg^r  TtOkni:  %  t 

JtrticU  15.  To  add  fimple  FfsAkmis  and  Intc|er$  together. 
This  is  only  to  annex  the  Fni^a  to  the  Integer,  whidi 
makes  it  a  mixed  Number. 

jPir4rflr.  i.  Exam*  2. 

Add  7  and  I  together.  Add  512  and  ^  together.    ' 

.   Anfwer  7  |.  Anfwer  5x2  |« 

iranii  no  frrtber  £xpbnatk»i. 


Jrtkii  x6*  Xo   add   compound   FmAioQs  and  fiitflgm 


XmU.  Reduce  the  compound  FniAion  to  a  fimple  FiiAfai^ 
hy  Art.  3$  then  annex  this  fimple  FraAion  to  the  integer,  aa 
in  the  lait  Arttde. 
•  ■ 

Exam.  I,  Exam*  2. 

Add  I  of  ^  of  ^  and  16      Add  200  and  |  of  $  Co- 
together,  gather. 

3  5  I  4 

7  iz  P  7 


%x            60 

18               28      . 

9            20 

1^9         1200       ,2,^ 

Anfwer  200  |4 

Anfwer  X  6  ^^. 

« 

Bxamp  1.  The  compound  FxaAcon  t  ^^  n  <^f  A  >^  rediicel 
to  TTV9^  hy  Art.  3 ;  then  joining  to  this  FraAion  the  gmn 
Integer  x6,  we  have  16  -jV^,  a  mixed  Number,  ^r  tho 
Sum  fbugfat. 

The  other  Example  is  done  m  the  hmt  Manner. 

ArtUli  ly.  To  add  mixed  Numbers  and  Integers  together. 

EmU.  Thb  is  no  more  than  to  add  the  Integer  to  the  integral 
Fart  of  the  FraAion,  and  then  to  annex  the  FraAion  to  this 
Sumy  as  at  Art.  15, 


Exam,  t«  Exam,  2. 

30 1  and  45  tpg^dkr«         Add  19 1  and  11  together* 
Anfwer  75  |.  Anfwer  30  |. 

Si^raffim 
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SubtraSlion  of  Vulgar  FraEHdnu 

Article  1 8.  To  fubtrad  flinple  Fra£^ions* 

Rule.  If  the  gfven  Fradions  have  the  fame  Denominators 
fubtrad  the  lefler  Numerator  from  the  greater,  and  place  -the 
Remainder  over  the  common  Denominator ;  this  new  Fra&ion 
is  the  Difference  fought.  But,  if  the  Fradions  have  different 
Denominators,  reduce  them  to  the  fame  Denominator,  fay  Ibme 
of  the  foregoing  Rules  for  reducing  of  Fradions ;  then  fub- 
tmft  the  leffer  Numerator  from  the  greater,  placing  the  Re* 
inamder  over  the  common  Denominator  i  this  will  be  th(} 
Psiffcfenee  fought; 

Exam.  I.  Exam*  2« 

Subtrad  -j  from  |.  Subtrad  \  from  t^. 

2  .  5  6 .  23  19  23  . 

h  3  31  2  2 

^^^1^  ^^mm^  VMBIM  ^^^IB  ^i^i^  V^l^ 

12  15  r8  23  38  46 

4^  from  4f  leaves  -^^'  Anfwer.    ^  from  ^  leaves  ^  Anfwer. 

Exam.  I.  The  given  Fradions  are  reduced,  by  Art.  4,  to 
^Tand^r;  fubtrading  12  from  15  there  remains  3$  ^hich 
being  placed  over  tHe  Denominator  18  gives  ^  for  the 
Difference,  for  (b  much  \  is  more  than  y. 

The  other  Example  is  done  in  the  (ame  Manner. 

'  Jrticlt  19.  To  fabtra£l  fimple  FraAions  from  compound 
Fra£lions,  or  compound  from  Ttmple.  « 

.  Rule.  Reduce  the  compound  Fra£lion  to  a  fimple  Fra^iion^ 
by  Art.  3  ;  then  reduce  this  and  the  given  fimple  Fra&ion  to 
the  fame  Denomintor„  and  proceed  as  in  the  laft  Article* 

Exam.  I.   Subtraft  i  of  ^  from  ^. 


t ' 


»  4  •       Vr         ■? 


32  Tf 


1  ^^         ,32 

5  4  5 


Hence  V^  is  in  th«  Room  of      .3S  128  »6o 

the  compound  Fra^ion.        tVV  fro""  tH  '**v*^  -r'^  A"** 

Exam.  2. 


jUMtim  ^  Vulgar  Ffaffktu} 


H 


.£x4M,  2.   Subtract  t  <^  v  f'^'»  t* 


i 

9  ■ 

-rr 

T 

5 

3 

5 

»7 

47 

5 

27 

5 

T7 

2 

2 

7 

Hence  ^  is  in  the  Room  of 
the  compound  Fradion, 


35  54        .      '89 

^  from  ^Vy  l«vcs  VA  AnC 


£;irtfiyf.  i.  The  compound  FmAion  ^.of  Z  is  reduced  to  ^ 
1>y  Art.  3;  reduce  that  and  the  iimple  Fraaion  ^  to  the  fame 
Denominator^  by  Art.  4,  and  they  are  .^^  and  4^;  tbea 
fubtra£ting  the  Numerator  35  from  the  Numerator  12^8,  the 
Remainder  is  93,  tp  be  placed  over  the  common  Denomihator 
160 :  'Thus  is  trc-.the  Difference  fought. 

'The  fecond  Example  is  done  in  the  fame  Manner. 


Exam*  3. 
•    SttbtraA  i  from  y  of  4.- 

2  2 

1  3  7  >n  the  Room 
,—  —  of  the  compound 

2  6  Fra<ftion. 

-Notir  we  are  to  take  f -from  |. 

X  8  8 

6  2  ■     6 

'6  16  48  . 

/j'  from  if  leaves  {4  Anfwer. 


Exam,  4* 
SubtraA  |>  from  -|  of  -1. 


^   in  the  Room 


3        4 

^  3,         TT 

—     ---of  the  compound 
6       12      Fradtlon. 

Now  we  are  to  take  i  from  4 


2 
12 


6 
9 


12 

9 


24  54  108  . 

•rcV  ^^^°^  -T^r  ^^>v^  -i¥t  AflC 


Thcfe  are  done  by  the  &me  Rule. 

Article  20.    To   fubtrafl    (imple    Fraiflions    from 
Numbers. 

Mule*  Redvoe  the  miited  Number  to  an  improper  Fradion, 
by. Art.  21  and  reduqe  this  and  the  given  Fraction  to  th6 
iime  Denominator,  by  Art.  4;  then  fubtradt  the  lefTer  Nu- 
merator from  the  greater,  and  place  the  Difference  over  the 
commpn  Denpnunator^  as  at  Art.  z8a 


Ekam*  u 


FA 


U         M  Ark E  Maries. 

Subtnd  \  ftom  13  $.  Subtraft  |  from  10  ^ 

13  10 


52  76 

5S       V-  72       V 

How  die  two  Frafiions  are    Now  the  two  FndHons  am 
•  and  V.  ^  I  and  y. 

«  5S  5  S  7«  t 

4  5  4  7  4  4 

8  275  to  21  2St  28 

^  from  Vff'  leaves  V/  Anf.        4|  from  \y  leaves  W  Anf. 

JExam*  I.  The  miaced  Nulnber  1 3  ^  is  reduced  to  dM  im- 
proper Fradtion  y,  by  Art.  2;  then  this  Fradion  and  the 
ghren  fimple  FraAion  ^  are  reduced  to  ^  and  ^-^y  FraAions 
of  the  lame  Denominator,  by  Art.  4  :  Stibtradl  $  from  275 
and  there  remains  267,  to  be  phoed  otrer  the  common  Deno- 
minator 20;  fo  is  Vy^  the  Difference  fought. 

£x€m.  a.  The  mixed  Number  zo  f  if  feduoed  to  Ite  iw- 
propa  Fradion  V*  ^7  Art.  2 ;  then  the  Fradion  y,  and  ^ 
the  given  fimple  F rafiion,  reduced  to  the  iame  Denominator, 
by  Art.  4,  are  ^  and  *^  :  The  Difference  of  the  Numerators 
21  and  288  is  267,  which  placed  over  the  Denominator  28 
is  Vr  f  ^^  ^^^  Difference  fought. 

The  two  following  Examples  arc  done  tn  the  ftsneMaoMr. 

S$fam.  3.  SvbtraA  i  from  3  |. 

3  ^  and  V  to  he  reduced  to  the 

3  lame  Denominator. 

y  the  improper  9  44  »* 

Fiadion.  A  <m&  4t  leaves  |^  AnrweT. 

^Mai*  4* 


SubttaBtion  of  Vulvar  RraSions. 


25 


2 
7 

3 


Exam.  4.  Subtradt  \  from  2  -f . 

y  and  y  to  be  reduced  to  the 
fame  Denominator. 


2 
7 


y  the  improper 
Fradion. 


^7 
5 

85 


7 
5 

35 


44  ffo^  ff  I^ves  ^  Anfwer. 


Anicli  21*  To  fubtradl  compound  Fradions  from  mixed 
Numbers.  * 

RuU.  Reduce  the  compound  Fraftion  to  a  fimple  Fradion, 
by  Art.  3,  and  the  mixed  Number  to  an  improper  FraAion^ 
by  Art.  2  ;  then  reduce  theie  two  new  Fradions  to  the  £une 
Denominator,  by  Art,  4:  Laftly,  fubtradl  the  lefler  Nu- 
merator from  the  greater,  and  place  the  Remainder  over  the 
common  Denominator,  for  the  Difference  fought. 

Exam.  2. 
SubtraA  \  of  ^  of  y  from  19  \. 

I        2  19 

3        4  5 


Exam*  I. 
Subtraa  ^of-^  from  6  \. 


4 

7 


5 
12 


2«        60        4i 


6 
J 

18 

2 

20 


3 

2 


8 

7 


95 
3 


T 


T 


Hence  the  two  fingle  Fradions 
are  fl  and  V- 


6      56      A      98 
Hence  the  two  fingle  Fra£tions 


ace 


28 
3 

84 


60 
1200 


60 
3 

180 


6 
5 

30 


and  V. 

98 
56 

588 

490 


56 
5 

280 


••• 


5488       . 
^  frron  »^*  leaves  V^*  Anf. 


,V\rfrom  V^»  leaves  Vrr'Anf. 


£;ra)R.  I.  The  compound  FraAion  f  of  ^  is  reduced  to  the 
Umple  Fra^ion  i|,  by  Art.  3,  and  the  mixed  Number  6  ^  to 

F.     .  the 
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the  improber  FraAion  V,  by  Art.  2 :  Reduce  thefe  to  the 
fame  Denominator,  by  Art,  4,  and  they  make  -^  and  K^^  : 
Laftly^  fubtra£ting  the  lefTer  Numerator  from  the  greater, 
and  placing  the  Remainder  over  the  common  Denominator, 
\^  is  the  Difference  fought. 
The  other  Example  is  done  in  the  fame  Manner, 

ArticU  22.  To  fubtrad  fimple  Fradions  from  Integers. 

Rule.  Subtra£l  the  Numerator  of  the  given  Fradion  from 
the  Denominator,  place  the  Remainder  over  the  Denominator^ 
and  join  this  Fradion  to  the  Integers  leflened  by  i  :  This  is 
the  Anfwer  fought. 

Exam.  I.  £xam.  2. 

SubtraS  ^  from  7.  SubtraA  1^  from  3. 

5  7  J?  3 

21  91 

^    4      6     .    Anf.  6 1.  8    -rV      ^       Anf.  2  ^V 

Exam,  T.  The  Numerator  2  being  fubtraded  from  the  • 
Denominator  5,  there  remains  3  ;  which  placed  over  the  fame 
Denominator  makes  ^9  the  Remainder  of  the  Fradion  \  from 
an  Unit :  Then  taking  1  from  the  Integer  7,  for  the  i  bor- 
rowed in  fubtra6ting  the  Fra<3ion  y  from  i  or  Unity,  the 
Remainder  h  6,  to  be  annexed  to  the  aforefaid  4  •  So  is  6  4 
the  Remainder. 

The  other  Example  is  done  in  the  (ame  Manner. 

The  Reafon  of  the  Rule  may  be  heft  underftood  by  an  Ex- 
ample ^aken  from  common  Arithmetick :  If  it  be  required  to 
fvSiitwBt'^L  6s.  Sd.  from  7/.  as  there  are  no  Shillirigs  or 
Pence  in  the  Subtrahend,  or  Sum  given  for  the  other  to  be 
fubtraded  from,  it  is  performed  in  the  following  Manner,  twe. 

/.         X.         J. 

700 
368 


3      13        4 

In  this  Example^  there  being  no  Pence  in  the  Sum  given  to 
be  fubtra£ied  from,  we  borrow  12  Pence,  or  i  Shilling,  to 
fubtraA  the  8  from,  and  the  Remainder  is  4 ;  this  borrowed 
Shilling  is  then  carried  to  the  Shillings,  which  increafes^the 

6  Shil- 
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6  Shillings  to  7  Shillings ;  then,  there  being  no  Shillings  t9 

liibtrad  the  7  from,  we  again  borrow  I  from  the  next  Arttck 

of  Pounds ;  from  which  I  Pound,  or  20  Shillings,  borrowed, 

tte  7   is  fubtrafted  ;    after  which,    that  borrowed  Pound  it 

carried  to  the  Place  of  Pounds.     Now  this  is  the  fame  that  ii 

done  in'  this  Rule,  for  8  Pence  is  -^^  of  2I  Shilling ;  and  this 

8  fubtraded  from  the  Denominator  12  leaves^,  j.  f.  4  Pence j 

but  then  i  is  carried  to  the  Place  of  Shillings^  which  is  fub<- 

tracEling   i  from  the  Integer,   of  which  the  Fra£iion  was  % 

Part.     So  here  ^  of  an  Integer  were  to  be  fubtraded  from  7 

Integers :  Now,  \  of  an  Integer  fubtraded  from  1  of  thofc 

Integers,  the  Remainder  muft  be  ^ ;  becaufe  \  and  \  added 

together  make  -f  9  or  i  Integer  \  then,  as  this  i  was  borrowed 

to  fubtrad  the  ^  from,  it  muft  be  carried  as  in  common  Sub- 

tniAion ;  the  Operation  being  in  EflTed  thus,  y  from  nothing 

I  cannot,  but  y  from  \^  ox  \^  there  remains  \  \  then  I  fay, 

I  that  borrowed  from  7,  there  remains  6 ;  to  which  I  annex 

the  \  before  remaining,  .and  find  the  whole  Remainder  to 

be  6  f . 

Exam.  3*  Exam.  4. 

Subtraa  ^  from  5*  SubtraS  \  from  lO, 

^       •         5  2  10 

31  II 

I         i        4        Ann4i.  I        ;.        9      Anf.  94. 

Article  23.  To  fubtradl  compound  Fra<Sions  from  Integers. 
Rule.  Reduce  the  compound  Fraction  to  a  fimple  Fradion, 
by  Art.  3  >  then  proceed  as  in  the  laft  Article. 

Exam.  1 .  Exam.  2. 

Subtraft  T  of  I  from  29.         SubtraA  ioi^oi^  from  5. 

a       3  27  29  I         2  64        5 

5       9  JO  134  21         I 

10    »7    4t     17    if      28  38  43        4 

1        ^ 
Anfwer28|f.      .  21      6^      ^ 

Anfwer  4  J}. 
E  9/  Exarn^ 
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Exam.  r.  The  compound  Fradioa  4-  of  7  is  reduced  to  the 
fitpple  Fnu^lion  i^*  ^Y  ^^  3»  fubcrad  the  Numerator  of 
this  iimple  FnuSiion  from  the  Denominator,  and  under  the 
l^emainder  place  the  Denominator^  and  we  luive  the  Fradtoa 
•ffy  to  be  annexed  to  the  wh«le  Number  29,  lefs  by  the  Unit 
that  was  borrowed  :  So  is  28  ^^  the  Remainder  fought* 

The  other  Example  is  done  in  the  fame  Manner. 

Jrtkli  24,  To  fubtraft  a  mixed  Number  from  an  Int^er 
gre4ter  than  the  Integer  of  the  mixed  Number* 

Ruli.  SubtraA  the  Numerator  of  the  fradional  Part  of  the 
mixed  Number  from  the  Denominator,  and  place  the  Re« 
maindcr  over  the  Denominator,  as  in  Art.  22  ;  then  carrying 
the  I  which  was  bonowed  to  the  integral  Part  of  the  mixed 
Nuipber,  fubtrafl  that  from  the  Integer  from  which  the  mixed 
Number  was  to  be  taken,  and  annex  the  former  remaining 
Fxa&ion  to  this  laft  Remainder  i  this  is  the  Anfwer  fought. 

Ex.  I.  Subtrad  3  \  from  6.     Ex.  2.  SubtraA  22  tV  f<^°^  S^- 
56  ID  56 

24  7  23 

3      j.        2        Anf.2|.  3    -nr      33    Anf.33^. 

Exam.  I.  The  Numerator  2  fubtraded  from  the  Denomt* 
nator  5,  there  remains  3 ;  that  is,  the  Fradion  \  fubtraAed 
from  I  (which  h  borrowed)  the  Remainder  is  \ :  Then  fay, 
the  I  that  I  borrowed  and  3  is  4  from  6)  there  remains  2  ; 
to  which  join  the  4  »  ib  is  2  -J-  the  Remainder  required. 

The  other  Example  is  done  by  the  lame  Method. 

Multiplication  of  Vulgar  FraSiions. 

AriicU  25.  To  multiply  llmple  Fcadions  together. 

RuU.  Multiply  all  the  Numerators  together  for  a  new 
Numerator ;  then  multiply  all  the  Denominators  together  for 
a  VK^  Denominator  3  fo  is  this  new  FraAion  the  Produft 
fought. 

Exam.  X.  Multi{>Iy  \  by  |.       Exam.  2.  Multiply  ^  by  4- 
3         4  9        15 

1        1  11 

21        32  Anf.  f|.  18        45  Anf.  i|. 

Exam,  I. 
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Exam.  I., The  Numentors  3  and  7  multiplied  give  21  • 
and  the  Denominators  4  and  8  multiplied  are  32  :  Therefore 
the  Fradion  |4  is  the  Produift  of  ^  by  |.  The  fiime  of  the 
other  Example.  And,  if  there  had  been  more  than  two 
Pradions  given,  the  Numerators  and  Denominators  muft  all 
ha^re  been  multiplied  together  in  the  fiime  Manner, 

JrtUle  26.  To  mulfiply  compound  Fra£tions  and  fidiple 
Fractions  together,  or  compound  with  compound* 

Rule>  Multiply  all  the  Numerators,  both  of  the  feveral  Parts 
of  which  the  compoiiuind  Fra^Hon  confifts,  and  of  the  fimple 
Fraftioa,  and  the  laft  Produ£l  is  a  new  Numerator ;  then 
multiplying  all  the  Denominators  in  the  lame  Manner,  the 
laft  Produd  is  a  new  Denominator.  This  new  Fraction  i>  the 
JVodud.  The  fame  Rule  is  to  be  obferved,  if  both  the  Frac- 
tions given  to  be  multiplied  are  compound  Fradions. 

Exam.  I.  Exam.  2. 

Multiply  4  of  :^  by  f  Multiply  |  of -fi  by  *  off 

13  II     14 

a   .  S  56. 

2    IS    .         55     84 
7     9  ^3 

,14    135    Anf.  T^jSy.    110    252 

7      8 

770    2016   Anf.^VV' 

Thefe  Examples,  I  think,  do  not  require  any  Explication.  But 
the  Learner  may  probably  obf&ive,  that  all  Fraflions  decreafe 
by  Multiplication,  the  Product  being  iefs  than  either  of  the 
Fradions  given  to  be  multiplied  \  the  Reafon  of  which  is, 
that,  all  proper  Frafiions  being  only  Parts  of  Unity,  and 
therefore  Iefs  than  Unity,  multiplying  by  a  Fradion  is  only 
takmg  fo  many  Parts  of  the  Thing  multiplied,  as  are  expreflbd 
by  the  Fradion  bv  which  it  is  multiplied :  For,  as,  in  mul- 
tiplying by  a  whole  Number,^  the  Produd  is  fo  many  Times 
the  Multiplicand  as  there  are  Unjts  in  the  Multiplier,  and 
therefore  multiplying  by  i  neither  adds  nor  dimiftiihes;  -fe,  in 
multiplying  by  a  Fradion,  the  Produfl  is  but  fo  many  Parts 
of  the  Multiplicand  as  the  Multiplier  i»  Parts  of  an  Unit :  All 
Multiplication  being   in   Geometrical   Proportign,    the  (irft 

Term 
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Term  of  which  is  i  \  thus,  as  i  Is  to  the  Multiplier,  fo  is 
the  Multiplicand  to  the  Produd  ;  therefore,  if  the  Multiplier 
bJefi  than  i  (as  all  proper  Fradions  are)  the  Produ£t  will  be 
left  than  the  Multiplicand. 

ArticU  27.  To  multiply  mixed  Numbers  and  fimple  or 
compound  FraAions  together. 

i&v/f.  Reduce  the  mixed  Number  to  an  improper  FraSion^ 
by  Art.  2  ;  then  proceed  to  multiply  the  Numeraton  together 
fctf  a  new  Numerator,  and  the  Denominators  for  a  new  De* 
fiomiftator,  as  in  the  two  laft  Articles. 

Exam.  I.  Exam.  2. 

Multiply  12  I  by  ^«  Multiply  3  y  by  7  of  i. 

12  3 

4  7 

48  21 

3  4 

T 


S  I 


5'  V  25 

by  4  V  by  ^  of  4 


S>  4  25  7 

56  .23 

25s  a4         Anf.  ^^.  50  21 

5  6 

250        126  Anf.  tIJ. 

Exam,  I.  The  mixed  Number  12  -I  is  reduced  to  the  im- 
proper y,  by  Art.  2;  then  multiplying  51  by  5,  the  Pro- 
dud  is  255  ;  and  the  Denominators  4  and  6  multiplied  give 
24 :  Therefore  V,f  is  the  Produd  fought. 

Exam-  2.  The  mixed  Number  3  ^  is  reduced  to  the  im- 
proper Fradion  y',  by  Art.  2;  then  multiplying  the  Nume- 
rators 25,  2,  and  5  together  gives  250  for  a  new  Numerator  ; 
then  the  Denominators  7,  3,  and  6  multiplied  give  126  for 
the  new  Dencibinator  :  60  is  f|^  the  ProduA  fought* 

ArticU  28.    To   multiply    fimple  Fra^ns  and  Integers 
ether. 


MilfipScaim  §f  Vulgar  Fraificns.  3 1 

Hule*  Reduce  the  Integer  to  an .  improper  FraAion,  by 
Art,  I,  that  is,  by  placing  an  Unit  under  it  for  a  Denomi- 
nator; then  proceed  as  in  the  foregoing  Articles  of  Multi« 
plication. 


Exam.  I. 

Exam.  2. 

Multiply  4  by  8. 

Multiply  a  by  $6 
a  by  V* 

51 

!    1 

56          I 
17        29 

^o         7         Anf.  V- 

392        29 
56 

952  Anf.  ^4^. 

Exam,  u  Placing  j  for  a  Denominator  under  the  Integer  8 
it  makes  ■} ;  then  the  Numerators  B  and  5  nsultiplied  is  40 
for  a  new  Numerator,  and  the  Denominators  i  and  7  mid- 
tiplied  is  7  for  a  new  Denominator :  So  is  1^  the  rroduft 
fought.  The  other  Example  is  done  in  the  fame  Manner. 
But  it  may  be  necefTary  to  obfcrve,  that,  if  a  compound 
Fraction  was  given  to  be  multiplied  by  an  Integer,  it  b  to  be 
done  in  the  fame  Manner  as  at  Art.  26^  as  may  be  feen  by 
the  following  Examples. 


Bxan 

r.  I. 

p 

Exam.  2. 

Multiply  26 

by 

4  of 

t 

Multi 

ply  19  by  4  of  tV 

^oii 

by 

a6 
T  • 

i 

of  ,»^  by  V'- 

26             I 

'9 

r 

a            3 

3 

7 

5^            3 

0 

57 

7 

I            2 

' 

9 

16 

52           6 

Anf. 

V. 

513 

• 

42 
7 

1X2         Anf.  144 


Exam.  X.  The  Integer  26  is  reduced  to  the  improper  Frac- 
tion V^^  by  Art*  i  \   then  the  Numerators  26,  2,  and  j 

multiplied 
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imiktplfed  18  52  for  the  new  Numerator  |  and  the  Denomi- 
Batdrs  I,  3,  and  a  multiplied  is  6  for  %  new  Denominator : 
Thus  is  '7^  the  ProduA  fought. 
The  other  Example  is  done  in  the  fame  Manner. 

Article  29.  To  multiply  mixed  Numbers  and  Integers 
together. 

Ruli^.  Reduce  the  mixed  Number  to  an  imprtoer  Fradion, 
by  Art.  2,  and  the  Integer  to  an  improper  rradion,  by- 
Art.  I ;  then  proceed  to  multiply  the  Numerators  together, 
and  alfo  the  Denominators,  according  to  the  preceeding 
Articles. 

Exam.  I.  Exam.  2. 

Multiply  12  4  ^7  ^*  Multiply  27  by  2  -f^. 

J2      T  •'7   T  2       T6^  *V   T 

3   38   3        '  10   29   to 

—      19      I  27       I 

2   342   3  9   *03   10 

-38  —58 

38  29  •— 

722  Anf.  %\  783 '  Anf.  ^^V- 

Thefis  Examples  being  fo  plain,  their  Explication  is  omitted. 

Divifion  of  Vulgar  FraSlions. 

AnkU  30.  To  divide  fimple  Fradions  by  iimple  Fradions. 

Rule.  Multiply  the  Denominator  of  the  Divifor  into  the 
Numerator  of  the  Dividend  for  'the  new  Numerator  ;  and  the 
Numerator  of  the  Divifor  multiplied  into  the  Denominator  of 
the  Dividend  will  be  the  Denominator  of  the  Quotient. 

Exam.  r.  Exam.  2. 

Divide  i  by  i.  Divide  i  by  J. 

i)i(v  Quotient.  i)i(i  Quotient. 

Exam.  T.  The  Denominator  of  the  Divifor  2  multiplied  by 
by  3  the  Numerator  of  the  Dividend  is  6,  for  the  Numerator 
of  the  Quotient ;  and  i  the  Numerator  of  the  Divifor  mul- 
jtiplied  by  4  the  DeiKTminator  of  the  Dividend  is  4,  for  the 

Deno- 


THmifim  of  Vu^at  FfaBuAsl  gg 

Denomioator  of  the  Quotient :   Therefpre  ^  is  tbe  Quotient 
ibu£ht. 

ixmrpl^  %.  Multiplying  4  the  Denominator  of  the  ptvifoi'  by 
1  the  Numerator  of  the  Dividend,  it  makes  4,  for  the  Nume- 
rator of  the  Quotient  \  and  3  the  Numerator  of  the  t)ivi(br 
multblied  by  2  the  Dencnninator  of  the  Dividend  is  6,  for 
the  denominator  of  the  Quotitnt:  So  that  th^  Quotiept 
btre  Is  |. 

The  Learner  will  probably  obferve,  that^  as  the  Produd  in 
MuldpliciCkm  was  lefs  than  either  oif  the  given  Fradions,  the 
Quocient  in  Divifion  is  greater  than  cither  of  the  giveR 
Fraflbion^.    The  Rcafon  is  the  £um  ;  fof  efery  Divifion  is  t 

Sometrical  Proportion,  or  Rule  of  three)  that  is,  as  th^ 
ivifor  is  to  1^  fo  is  thtf  Dividefid  to  the  Quotient :  If,  there- 
fore, the  Divifor,  or  firft  Term,  b  lefs  than  i  (as  all  proper 
Jfaaions  altf)  tbto  muft  the  Dividend  be  \t^  than  the  Qjiotient. 

•    Arinb  31.    To  divide  compound  Fraftions   and    fiihple 
FraAions. 

Rule,  ^  Reduce  the  compound  FraAion  to  a  fimple  FraAion  f 
then  proceed  as  at  Art.  30, 


Mnam.  I. 
Divide  4  of  f  by  $. 

Exam.  2. 
Divide  -^  of  -f  I^  |. 

»           3 
3           5 

3          »5          -rr 

4              5 

a             7 

8           35        A 

f  )  tV  (  tJ  Qjotient.  I)  ^7  ^  Qgotient. 

BM^m.  U  The  compimnd  Fraaionr  f  of.^^  rerfuoed  bv 
Art.  3,  is  tV  »  ^^^^  9  ^^  Denominator  of  the  Divifor  mul- 
tiplied into  3  the  Numerator  of  the  Dividend  js  27,  for  the 
f?umet«tor  tff  the  Qudtieitt;  and  4  the  Numerator  of  the 
Dif  Hot  multiplied  tnco  15  the  Denominator  of  the  Dividend 
b  60m  for  tke  Denominator  of  the  Qoottent. 

The  fec'ond  Example  is  done  in  (be  &me  Manner. 

If  a  compound  Pfiadkioft  ht  given  to  be  divided  by  a  ctm- 
pound  Fradion,  reduce  both  the  compound  Fra£tions  to  (ijnple 
FHtSHem^  by  A^.  3 1  then  proceed  as  at  Art«  30. 

F  Exum,  r.« 


3* 
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Divide  |^  of  ^  by  4  of  4. 


Exam.  2. 
Divide  ^  oT  i  by  I  of  |. 


I 
3 


4 
2 


2 

4 


3 

5 


2 
I 


5 


3 
5 


7 

4 


TT 


2         10     tV       15      28 

H  )  A  (  tV^  Quotient 


3      8    I        8    15 

A  )  i  (  ^  Quotient. 

£jrtfm.  I.  The  compound  Fraaion  i^  of  ^  is  reduced  to  the 
fimplc  Fraaion  4^  and  the  compound  Fradion  f  of  ^  is  reduced 
to  T?j-,  by  Art.  3 ;  then  proceed  as  in  Art.  30,  and  wc  have 
^  for  the  Quotient  fought. 

The  fecond  Example  is  done  in  the  feme  Manner. 

Jrticle  32,  To  divide  a  mixed  Number  by  a  fimple  Frafiion, 
or  a  Ample  Fradion  by  a  mixed  Number. 

Rule.  Reduce  the  mixed  Number  to  an  improper  FrafKon^ 
by  Art.  2i  then  proceed  according  to  the  DireAions  ac 
Art.  30. 

Exam.  2. 
Divide  3  -Jr  by  T* 

3 

4 


12 
I 


Exam. 

X. 

Divide  10 

J  by  I. 

• 

10 

9 

90 

. 

7 

97 

V 

i)V(Vr* 

Quotient. 

13 


1 1 


T  )  V  (  V  Quotient. 

.  £xtfm.  I.  The  mixed  Number  10  ^  is  reduced  to  the  iin. 
proper  Fradion  y,  by  Art.  2;  then  the  Denominator  6 
multiplied  by  the  Numerator  97  gives  582,  for  the  Numeratof 
of  the  Quotient ;  and  the  Numerator  5  multiplied  by  the 
Denominator  9  gives  45,  for  the  Denominator  of  the  Qjp* 
tient :  So  is  '^  the  (^tient  fought. 
, .  The  fecond  Example  is  done  in  the  (ame  Manner. 

ft 

Article  33,  To  divide   mixed   Numbers  and  compound 
Fraaions. 
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^li.  Reduce  the  mixed  Number  to  an  improper  Fradion^ 
by  Art.  2,  and  the  compound  Fradion  to  a  fimple  Fradion, 
by  Art.  3 ;  then  proceed  as  at  Art.  30. 

Exam.  I.  Exam.  a. 

Divide  2  J-  by  ^  ot  4.  Divide  i  of  ^  by  9  4. 

a  *         3  »        3  9 

i«  10       18     41  J     di    tV     45 

»  a 

'9    y  47     V 

•Jt  )  V^  (  W  Quotient.  V  )  tV  (iVr  Quotient. 

fMMT.  I.  The  mixed  Number  2  ^  is  reduced  to  ^',  by 
Are.  2,  and  the  compound  Fra&ion  \  of  !•  is  reduced  to  the 
fimple  Fraftion  4^,  by  Art.  3 ;  then  18  the  Denominator  of 
the  Diviibr  multiplied  into  19  the  Numerator  of  the  Dividend 
is  342,  for  the  Numerator  of  the  Quotient :  Laftly,  10  the 
Numerator  of  the  Drvilbr  multiplied  into  9  the  Denominator 
of  the  Dividend  is  90,  for  the  'Denominator  of  the  Quo- 
tient V/. 

Exam.  2.  The  mixed  Number  9  y  is  reduced  to  V,  by 
Art*  2,  and  the  compound  Fraftion  7  of  f  to  -^^  by  Art.  3  ; 
multiply  the  Denominator  of  the  Divifor  into  the  Numerator 
of  the  Dividend  for  the  Numerator  of  the  Quotient,  and  the 
Numerator  of  the  Divifor  into  the  Denominator  of  the  Di- 
vidend for  the  Denominator  of  the  Quotient  ^i^. 

Articli  34.  To  divide  fimple  Fraftions,  mixed  Numbers^ 
or  compound  Fradions,  by  Inte^rs  \  or  Inters  by  fimple 
or  compound  FraAions,  or  mixed  Numben. 

JZiii^.  Make  the  Intefers,  whether  they  are  the  Divifor  or 
Dividend,  an  improper  FraAion,  by  putting  an  Unit  for  a 
Denominator^  by  Art.  i.  If  the  Diviibr  or  Dividend  be  a 
mixed  Number,  reduce,  it  to  an  improper  Fradion^  by  Art.  2  : 
And,  if  the  Divifor  or  Dividend  be  a  compound  Fra£iion»  re- 
duce it  to  a  funple  Fra£tion,  by  Art.  3 :  After  which,  the 
Sivifioa  muft  be  performed  as  direded  at  Art.  30.  ^ 

>f     '  F  2  Exam.  i. 
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Exam,  t,  Bmoih.  t. 

Divide  ^V  by  4.  OivUto  4  «f  ^  iy  9. 


13 

Tt  by  ♦  4      s 

4 )  -rr  ( 17  Quotient.  4        15        VV  by  $ 

t )  tV  (  tJt  Quotieot. 

Exam.-x.  TIk  Ifu^;er  4  is  reduced  to  4»  by  Art.  x  ;  tbrp 
multiplying  the  t)enominator  of  the  Divifor  4  into  the  Nume* 
rater  of  the  Dividend  -rV*  >t  gives  7?  for  >  new  Numerator  ; 
and  multiplying  4  the  Numeratsr  of  the  Divifor  int»  i;  the 
Denominator  of  the  Dividend,  it  givts  60,  for  a  new  Deno* 
minator :  80  i*  ^  the  Quotient. 

Exam,  2.  The  compound  Fradion  f  of  -f  is  reduced  to  VV* 
by  Art.  a,  and  th«  integer  to  9«  by  Art.  i  i  then  oMik^y 
ai  before  and  (li«r«  is  tH  ^**  ^  Cbx^imt^ 

Bxaift'  i'  Ewtm,  4. 

Divide  7  i  by  13.  Divide  it  by  3  t> 

7  3 

—  J 

'  X 

*9    V  *7  T  16 

V  )  V  (  ^  Quotient.  \*  )  V  ( H  Quotient. 

^4r<iw.  3.  Tkf  tnioied  Nunbcr  7^1$  mhjced  ta  Vt  1>T 
Art.  2,  and  13  to  y,  by  Art,  i  j  miltipij  ,  the  Scm^ 
minator  of  the  Divifbr  into  ^9  the  Numtrator  of  tht  Dividend 
5? •J"®^  Numerttor,  and  muJflpJy  13  dM  Nunetator  0/  the 
Divtfoi  iato  4  tht  Dtmminator  of  tte  Dividend  lar  a  m«r 
D«nQmfa3U0i;,,iiiii  the Qjioticnt  is  |4. 

•iL^  ^-  ""^  I>*v*fci^  3  i  »  wduoed  to  ^ ,  and  the  Dl* 

St^uJi,:rt  i^l  ,^P««^«  «»  the  other  Eta-pte, 

Thus 
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Thus  having  gone  thro'  the  icveral  Rults  of  adding,  fob- 
trading,  mvlciplying,  and  dividing  Vulgar  Fra£l:iQns,  we  fliatt 
now  {hew  the  Learner  how  to  find  the  Value  of  Fradiom  of 
Money,  Weights,  or  Meafures^  and  to  reduce  Fra£lion»  ta 
their  loweft  T erm«  ;  thefe  Articles  are  not  nfictflary  to  the 
learning  the  Rules  of  Addition,  Subtradion,  Cff^  but  am 
neceflary,  after  the  Operations  are  perforix^d^  to  diicoirer  tb<^ 
Value  and  Refult  of  the  Work«, 

Artidi  35.  To  find  the  Value  of  a  Fraflion  In  the  cuftomary 
Dividons  of  Mone^,  Weights,  Meafures,  and  the  like :  As  if 
it  was  reottired  to  fmd  the  Value  of  ^  of  a  Pound  Sterling. 

RuU.  Multiply  the  Numerator  by  20,  the  Shillings  in  i 
Pound,  then  divide  the  Produd  by  the  Denominator^  and  the 
Quotient  is  Shillings,  and,  if  nothing  remains,  is  the  true 
Value  of  the  Fra^on :  If  any  Thing  remains,  multiply  it 
by  12,  the  Pence  in  i  Shilling,  then  divide  the  Produ^  by  the 
Denominator,  and,  the  Quotient  is  Pence,  and,  if  nothing 
remains,  the  Shillings  before  found,  and  the  Pence  now  ibund, 
is  the  exa£t  Value  of  the  given  Fraflion :  Bue^  jf  any  Thipg 
remains,  multiply  it  by  4,  the  Farthings  "in  j  Pew^,  then 
divide  the  Produd  by  the  Denominator,  and  the  Quotient  if 
Farthin^^  which,  being  added  to  the  Shillings  and  Pence 
before  found,  is  the  Value  of  the  given  Fraction  \  the  Re- 
inainder,  after  the  Multiplication  by  the  fmaileft  Divifion  into 
which  the  Integer  is  divided,  being  generally  neglefted. 

Let  It  be  required  to  find  the  Value  of  the  foUowing  FraQtoos 
of  a  Pound  Sterling. 

S^m.  u  Of  A*       ^^^^  2*  Of  ^.       Emnb.  3.  Of  \. 

6  8.  a 

ao  ab  ao 


10)  120(12  i.  Ann  io}i6o(]r6i*AnC  8)40(51*  AaC 

10  10  40 

20  60 

20  60 


Mxarn^  !• 
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Exam,  X.  The  Numerator  6  being  multiplied  by  20,  and. 
the  Produd  divided  by  the  Denominator  lo,  the  Qi^otient  is 
12  Shillings,  the  exad  Value  of  -^  of  a  round,  as  nothing 
lemaim.  And  this  appears  to  be  true  j  for  the  011^  Tenth  of  a 
Found  is  2  Shillings,  and,  confequentiyi  Jix  Tenths  muft  be 
12  Shillings.  - 

•  The  fame  of  the  other  two  Examples. 


Extrn.^,  Of  ^. 

Ex4m.$.  Of^. 

0 

£;wf«.6.  Of  ^. 

'5 

20 

1 

«5 

35 

2b 

40)300(7/. 
280 

40)  500  (  I2X. 
40 

4o)'7oo(t7x, 
.40 

20 

12 

TOO 
80 

.300 
280 

• 

40^}  240(6/. 

20 

20 

« 

240 

12 

12 

0 

40  )  240  (  6/. 

40  }  240  (6/. 

• 

Anfwer  js.  6d. 

240. 

240 

• 

0 

0 

' 

Anfwer  i2x.  6/. 

Anfwer  17/.  6/1 

Exam.  T.  The  Numerator  15  being  multiplied  by  20,  and 
the  ProduA  divided  by  the  Denominator  40,  we  have  7  Shil< 
tings  in  the  Quotient,  and  a*  Remainder  of  26 ;  which  being 
multiplied  by  12,  the  Produdt  is  240,  and,  this  being  ftiU 
divided  by  the  Denominator  40,  the  Quotient  is  6  Pence,  and 
nothing  remains  :  Whence  the  exa<£l:  Value  of  ^  of  a  Pound 
Sterliiig  is  71.  6/.  And  this  is  true;  for  the  one  Fortieth  fA 
m  Pound  is  6  Pence,  and,  confequently,  fifteen  Fortieths  muft 
be jj/.  bd. 

The  fame  of  the  other  two  Examples. 
* 


^"■^ 
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Exam.  7.  Of  fK-  ^*«"-  8.  Of  |K«       ■S'*'"'  9«  Of  lii- 

457  877                          947 

20  20                        '    20 


96)0)91410(9/.  94|o(i7S4|o(i8f.     9610(1894^0(19 

8^4  96  96 

50  794  934 

ix  .  768  .  864 

^m^^a^tt^  •^■■■■^^  ^^M^HaBV 

96)600(6^4  26  70 

576  12.  12 

^_^^^^^^^^  ^^^^^^^^^^  ^^^^^^^^^^ 

24  96)312(3^-  96)840(8/. 

.  4  288  768 

96)96  (if.  24  7» 

96  4  4 


•*i 


o  96;  96  ( I  y.  96)  288  (3  f 

%,  96  288 


Anf.  9x,  6i.  ^< 


Anf.  i8i.  31/.  i.    .    Anf.  19/.  Si.  |, 


Exam.  7t  The  Numerator  457  being  multiplied  by  20,  and 
the  Product  9140  divided  by  the  Denominator  960,  the  Quo- 
tient is  o  Shillings  ;  and  there  remains  50,  which  being 
multipliea  by  129  and  the  Produdl  600  divided  by  96,  (the 
Cypher  of  the  Divifor  being  cut  off  at  the  laft  Operation)  th« 
Quotient  is.  6  Pence ;  and  there  remains  24,  which  being  mul* 
tiplied  by  4,  and  the  Produ£l  96  divided  by  96^  the  Quotient  is 
I  Farthing,  and  nothing  remains  :  Whence  the  exa£t  Value 
of  14^  of  a  Pound  is  qs.dd.  ^.  Which  is  true ;  for  the  nim^ 
bundrtd'and'fixtUth  rart  of  a  Pound  is  i  Farthing,  and,  con-« 
fequently,  four  hundred  and  fifty-fevin  fuch  Parts  are  fii  many 
Farthings,  or  ox.  bd.  ^. 

The  ^e  01  the  eighth  and  ninth  Examples. 

Exam.  zQ. 
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Sxam.  10.  Off.       £««/».  z i.  Of  -ff.      E»»m.  i%.OSi\, 
5  7  »3 

20  20  20      ' 


•^arttoi 


7)100(141.  I7)l40(t<.  2l)26o(f2r. 

7  »J6  4* 

30  4 

28  12 


2  17)49  (2  </. 

«  J4 

7)24(3^.  14  21)96(4/. 

21  4  84 

1 7)  56(3  f- 
$« 

21)  48  (If. 

5  6 

i?xtfi77.  10.  Tbe  Numeiator  5  beiog  multiplied  by  20>  and 
the  ProduA  100  divided  by  the  Denominator  7,  the  Quotient 
is  14  Shillings  ;  and  there  remains  2,  'Which  being  multiplied 
bf  ta,  and  the  Prodwft  24  divfded  by  7,  the  Quotient  is 
3  Pence ;  and  there  remsttns  j,  which  be\n%  mmtipKed  by 
4,  and  tticr  ProduA  r2  diTided  by  7,  the  Quotient  19  1 
Farthing ;  and  5  remams  >  but,  there  being  in  Engtijh  Money 
nothing  \tk  than  Farthings,  the  Remainder  is  negtedM: 
Hcace  wr  cal!  the  Value  of  4  of  a  Pound,  14  j.  jrf.  ^  tW 
it  ia  ftri£tly  |,  or  /t«  Seventht^  of  a  Farthing  more  )  that  is, 
the  Remainder  is  made  a  Numerator  and  the  Diviibt  a  Deno- 
mriMror  of  a  Fraftion,  which  is  a  I%t  of  the  Integer  laft 
f9«nd.  Th4js,  at  Example  xi»  the  true  Anfwer  is  8x.  2/.  ^ 
»d^of  a  Farthing;  and,  at  Example  r2,  the  true  Anfwer 
is  I2X.  4^.  ^  and^  of  a  Farthing)  but  the  FraAions  of 
the  loweft  Dt^omtnatfon  atv  generaHy  negleAed  in  Phi^ice. 

Andf  if  it  was  required  to  find  the  Value  of  a  Vulgar 
Fraction  of  a  Yardy  multiply  the  Numerator  by  3,  the  Feet 


] 
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10  X  Yard,  then  divide  the  Produdt  by'  fhe  Denominator, 
and  the  Quotient  is  Feet,  and  is  the  true  Value  of  the  Frac- 
tion, if  there  is  no  Remainder :  But,  if  there  is  a  Remainder, 
multiply  it  by  X 2,  the  Inches  in  i  Foot,  then  divide  the  Pro« 
duft  by  the  Denominator,  and  the  Quotient  is  Inches,  and, 
if  there  is  no  Remainder,  the  Feet  andinches  thus  found  is  the 
true  Value  ^ught :  But,'  if  there  is  ftill  a  Remainder,  multiply 
it  by  4,  the  Quarters  in  i  Inch,  then  divide  the  ProduA  by 
the  Denominator,  and  the  Quotient  is  Quarters  of  an  Indi, 
which,  being  added  to  the  Feet  and  Inches  before  found,  will 
be  the  Value  of  the  Fradion  in  Feet,  Inches,  and  Quarters 
of  an  Inch :  After  which,  the  Remainder  may  be  nc^eSo], 
unlets  greater  Exadnefs  is  required. 

To  find  the  Value  of  the  following  FraAions  of  one  Yard« 
Exam.  i.Of^.        Exam.  2.  Of  t^.        Exam.  3.  Of  4^. 
8  S  16 

3  3  3 

19)  24  (a  Feet*  15)  15  (i  Foot.         24)  48  (2  Feet. 

U       '  '5  48 

VM|*WB«.  pMMaaaa  i^^aaaM. 

^        o  ^  o  o 

The  Operation  in  thefe  Examples  will  appear  very  eafy  by 
the  Directions. 

Mx0m.4.  Of  44-        Exm.$.  Off^       Exam.  6.  OffJ. 
18  54  rr 

3  3  3 

36)  54  (i  Fool.         7a)  i6a  (a  Feet,        18)  33  ( i  Foot, 
36  144  18 

WMMMwaa  MMiMMB.  Maa^naBW 

18  18  15 

12  12  12 


36)  216(6  Inches.        72)  216  (3  Inchips.     18)  180(10  Inchet. 
216  216  18 


Q  O  00 

Anf.  iF.  6  Inch.       AnC  2F.  3lhd).       Anf.  iF.  10  Inch. 

«  Exam.  A..  The  Numerator  18  being  multiplied  by  3,  and 
the  Produd  54 divided  by  36,  gives  l  Foot;  and  x8  remains, 
which  being  multiplied  by  12,  and  the  Produft  216  divided  by 

G  36,  gives 


f 


•t 
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36,  gives  6  Inches,  and  nothing  remains :   So  is  i  F,  6  Inch, 
the  txzSt  Value  of  44  of  a  Yard. 
The  (ame  of  the  fifth  and  fixth  Examples. 

Exam.  J.  Of -XT*         Exam.S.  Of^.         Exam.i).  Off^* 

-    3  3  3 

18)15(0  Feci*  9)  3  (o  Feet.  36)  33  (o  Feet, 

12  12  12 


18)  J 80 (10  Inches.       9)  36  (4  Inches.      36)396(11  Incba, 
18  36  36 

.^i^BMM.  HMMM^  PHMMaiW 

00  0  36 

36 

Anf.  10  Inches.  Anf.  4  Inches. 

^  o 

« 

Anf.  1 1  Inches. 

Exam.  7.  The  Numerator  5  being  multipied  by  3^  and 
the  Produd  15  divided  by  the  Denominator  18,  it  gives  o 
Feet  in  the  Quotient;  then  multiply  the  15,  which  is  now 
the  Remainder,  by  12,  and  jt  makes  180,  which  being  dividdfl 
"by  18  give?  10  Inches,  the  exzSt  Value  of  ^  of  a  Yard. 

And  (b  of  the  eighth  and  ninth  Examples. 

Exam.  io«  Of  |.      Exam.^iu  Of -/r*      Exam.  12.  Of  •^. 

S  4  3 

3  3  3 


7)  15  (2  Feet. 
14 

11)  12/1  Foot. 
II 

'3)  9(0  Feet, 
12 

I 
12 

I 
12 

13)  108  (8  Inches. 
104 

?)i2(i  Inch. 
7 

11)  12(1  Inch. 
II 

4 

4 

-  5 

4 

X 

4 

13)  16(1  Or. 
^3 

7)20(2Qr8. 

«4 

11)4(0  Qrs. 

3 

Id 
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Jb  the  tenth  Example,  the  AnAver  is  2  Feet,  i  Inch,  and 
a  C^uarcers,  or  i  Half;  or  exa£Uy  2  Feet,  i  Inch,  2  Quarters, 
and  y  of  I  Quarter  of  an  Inch.  In  the  eleventh  Example, 
the  Anfwer  is  i  Foot,  i  Inch,  and  ^  of  i  Quarter  of  an 
Inch*  And,  in  the  twelfth  Example,  the  Anfwer  is  8  Inches, 
I  Quarter,  and  1^  of  i  Quarter  of  an  Inch. 

And,  in  general,  to  find  the  Value  of  any  Vulgar  Frafiion, 
M  only  to  multiply  the  Numerator  into  the  feveral  Dcnon^i- 
nations  that  compofe  the  Integer  of  which  the  Fraction  is  a 
Part,  beginning  with  the  Denomination  which  comes  next  to 
the  Integer,  and  dhriding  by  the  Denominator,  as  in  the  fore-* 
going  Examples,  which  wiU  give  the  Value  fought. 

V^ben  the  Value  of  an  improper  Fradion  is  required,  divide 
the  Humerator  by  the  Denominator,  and  the  Quotient  will  be 
Integers,  and  is  the  true  Value,  if  there  is  no  Kemainder ;  if 
there  is  any'  Remainder,  multiply  it,  and  divide  by  the  Deno* 
minator,  as  before  taught,  by  which  Means  we  (hall  have 
the  Value  of  the  improper  Fra^ion. 

Find  the  Value  of  the  following  Fraftions  of  a  Pound  Sterling. 

Exam.  I.  Of  y .       Exam.  2.  Of  y.       Exam.  3.  Of  V- . 

8)27(3/.  9)34(3'-  7)i3(i/- 

24  27  7 


3 

7 

6 

ao 

ao 

20 

8)  60  (7  /. 

9)  140(1 

5'- 

7)  iaOv(r7^- 

56 

• 

9 

7 

4 

SO 

50 

la- 

45 

49 

8)48(6^. 

S 

I 

48 

la 

12 

'  0 

9)60(5 
45 

i. 

7)l2(lrf., 

7 

Anr.  3/.  71.6  if. 

5 

4 

5 

4 

• 

9}  ao  (2 

?• 

7)  ao  (*f- 

% 

18 

a 

14 

•6     ■; 

Ai 

nf.  3/.  i^J. 

5</.J. 

An'',  i/.  17X.  \i.^ 

44 
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Exam.  !•  The  Numerator  a;  \tm%  divkkd  hj  %  gjins  3  in 
the  Quotient,  whidi  is  3  Pouiids  }  after  this  the  Operaiion  h 
the  fame  as  before ;  and  (b  we  find  the  imfMroper  Fra&ion  V 
of  a  Pound,  is  37.  71.  %d.  ««* 

And  fe  of  the  other  two  Examples ;  where,  in  the  Anfwefty 
the  Remainders  2  and  6  are  ne^eAed. 

If  the  Value  pf  a  compound  FraAion  ts  required,  reduce  it 
to  a  fimpte  FraAion,  by  Art.  3,  and  dien  proceed  as  tefom 
taught. 

Required  the  Value  of  the  foUowifig  Fiadioiie^ 


EMam.  I. 

Extm,  2. 

Of  i  of  ^  of  a  Fbund  Scerliog. 

Ofiof4ofaYv4. 

I            2 

3           4 

3     j8 

2           3 

3     16    ^ 

6            12         A 

3 

6 

20 

3 

16)60(3/. 

12)  18  (I  Foot 

48 

12 

J2 

6 

12 

12 

16)  144  (9V. 

12)  72  (6  laches. 

144 

72 

0 

0 

Afifwer  3/.  <ji. 

Anfwer  x  P.  6  ladi 

The  compound  FraAion  ^  ti  \  \a  reduced  to  the  fimpk 
Fradion  ^,  by  Art.  3 ;  afterwards  its  Value  is  found  as 
before  taught,  and  is  3/.  91/.  Which  is  fliewn  to  be  the  true 
Value  thus:  The  gightb  Part  of -a  Pound  is  2f.  hJL  vbonioe 
thru  Eighths  are  js,  6J.  but  the  one  Half  of  ys.  6d.  is  3#.  qj^ 
as  in  the  Anfwer.  And,  as  to  the  other  Example,  the  tw§ 
^irds  of  a  Yard  are  2  Feet,  but  the  tbree  Fmrtbs  of  2  Feet 
are  18  Incheit  or  i  F.  6  Inch.  Us  before  found. 

The  great  Variety  in  Vulgar  Fradions  makes  them  appear 
with  fomc  Difficulty  to  a  Learner  i  but  I  would  not  toLtc  bim 

be 


i 


Of  Fmlgm  J^aitim.  45 

be  difcouragedy  if  he  does  not  at  firft  remember  every  Rule ;  J 

it  will  be  (uiicitnt,  for  bis  preient  Purpofe,  if  he  ftes  how  the  ^ 

Operation  is  performed  by  the  Rule,  for  then  he  will  quickly 
recover  the  Manner  of  any  Operation  by  having  Recourfe  to 
the  Dirediom. 

jfrticU  36.  To  reduce  a  Fradion  to  its  lowed  Terms. 

RuU*  Divide  the  Denominator  by  the  Numerator ;  if  any 
Thing  remains,  divide  the  Numerator  by  the  Remainder  ;  and, 
if  any  Thing  yet  remains,  divide  the  laft  Divifor  by  fuch 
Remainder,  'till  nothing  remains ;  then  is  that  Divifor  the 
greateft  common  Meafure  which  will  divide  both  the  Nume- 
rator and  the  Denominator  wittiout  a  Remainder.  By  tb? 
eoiiiMMn  Meafere  ft>  found  divide  the  Numerator,  and  the 
Quotient  is  a  new  Numerator ;  then  divide  the  Denominator 
by  die  fame  Number,  and  the  Quotient  h  a  new  Denominator; 
%9i  tbb  new  Fra^ion  is  e<(ual  to  the  given  FtaAion, 

Bjufm  t.  IMuct  ^l  to  its  lowtft  Terins. 

252)  315  ( I  63)  252  (4  a  new  Numerator* 

252  252 


63)^52(4 
252 


€3  )3I5  (5  a  new  Denominator, 


Anf. 


4 


Exam.  2.  Reduce  |J-f  to  its  lowcft  Terms, 

189)  513  (2  27)  189  (7  a  new  NuiaeiaCor. 

378  189 

135)189(1  o 

27;  513  (19  a  new  Denomi- 

54)  135  (2  27  natoF. 

108  

-^  243 

a?)  54  («  *43 


54 


Anf.  Tj.. 

Exam,  3. 
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Exam.  2*  Reduce  f^l-  to  its  loweft  Tcrmd. 

*7  0  399(2  S7)399(? 

342  399 

57)  »7i  (3  6 

171 

_ 

o  Anfwer  -J. 

£jrtf/».  I.  The  Denominator  315  being  divided  by  ibe 
Numerator  252^  there  remaina  63 ;  by  which  divide  the 
Divifor  2521  and  nothing  remains ;  therdbre  63  is  the  com* 
mon  Mcafure  fought :  Then  divide  the  Numerator  252  by 
this  common  MeaSire  63*  and  the  Quotient  is  4,  for  the  ncgir 
Numerator ;  and  dividing  the  Denominator  315  by  the  fiime 
63*  the  Qyo^'^^  is  5,  for  a  new  Denominator :  So  is  the 
FraSion  ^  equal  to  -J^r*  ^^  loweft  Terms  to  which  it  can  b^ 
reduced. 

Exam,  2.  The  Denominator  5x3  being  divided  by  the 
Numerator  i89»  the  Remainder  is  135;  by  which  divide  the 
Divifor  189*  and  there  remains  54  i  and  dividing  the  hft 
Diyifor  by  54,  there  remains  27  ;  then  divide  the  laft  Diviibr 
54  by  27,  and  there  remains  nothing :  Therefore  27  is  the 
greateft  common  Meafure;  by  which  divide  the  Numerator 
189,  and  the  Quotient  is  7,  for  the  new  Numerator  i  and 
dividing  513  the  Denominator  by  the  fitme  27 »  the  Quotient 
is  19 :   Therefore  -/^  is  the  loweft  Terms  of  the  giyen  Frac* 

The  third  Example  is  done  in  the  fame  Manner ;  only  as 
the  fecond  Diviiion,  not  having  any  Remainder,  fliews,  that 
the  Divifor  57  is  the  common  Meafure  ;  and,  as  the  Dividend 
was  the  Numerator,  it  was  not  necefiary  to  divide  the  Nu* 
merator  again  by  it,  as  is  done  in  the  (irft  Example,  fince  it 
might  there  have  been  omitted :  Whence  3  is  the  nevr 
Numerator ;  and  dividing  399  by  57,  it  gives  7  for  a  new 
Denominator  :  And  fo  is  ffi  reduced  to  its  loweft  Terms  -f. 


Exam.  4* 
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Mxam,  4.  Reduce  ^^  to  its  loweft  Terim.  * 

«5S)  663  (2  $1)  25s  (s 

510  255 


153)  ^ss  (» 

»53 

102)  153  (X 
102 

0 

51)663(1 

5* 

3 

31)  102  (2 
102 

»53 
>53 

« 

0 

0 

Anf.  -tV 

Exam.  5.  Reduce  ||4^  to  its  loweft  Terms. 
4gi)  629  (I  37)  481  (13 

48 «  37 


148)  481  (3 

444 

III 
III 

• 

37)  H»  (4 
148 

0 

4 

0 

37)  629  (»7 
•  37 

259 
259 

0   A}»f.44 

'  But  if,  in  dividing  to  find  a  common  Meafurc,  the.Re<E 
mainder  happens  to  b«  an  Unite,  then  the  Fradion  is  already 
in  its  loweft  Terms. 

There  are  other  Methods  of  reducing  Fraftions  to  their 
loweft  Terms ;  For  if  the  Numerator  and  Denominator  of  a 
Fraction  have  each  one  or  more  Cyphers  on  the  right  Hand, 
the  iame  Ni^mber  of  Cyphers  in  the  Numerator  and  Deno* 
minator  may  be  cue  oflF,  and  the  remaining  Fradion  will  ftill 
be  of  equal  Value :  Thus  |^,  in  the  firft  Example  of  Art.  15, 
is  the  lame  with  \^  the  takiiiz  away  the  Cyphers  not  altenng 
the  Value  of  the  Fraftion.    do  again,  in  the  fourth  Example 

of 


4»  MATItEMATICS. 

of  the  fame  Arucle,  ^^  may  be  reduced  to  ^.  Alfe,  if 
cither  the  Numerator  or  Deiloininator  have  a  Cypher,  and 
the  other  end  in  5,  than  may  both  Parts  be  redi|ccd  by  divid* 
ing  by  5  :  Thus  this  Fradion,  ^4,  each  Part  beiA{  divided 
by  5,  will  be  reduced  to  |^  ;  which,  being  again  divided  by 
5,  will  be  reduced  to  ^,  which  is  its  loweft  Terms* 

Another  Method  of  reducing  a  Fradion  1%  if  the  Nume« 
rator  and  Denominator  are  even  Numbers,  take  the  Half  of 
each  ;  and,  if  they  are  yet  both  even,  halve  them  again  ;  and 
by  this  Means  a  Fra£tion  may  often  be  reduced  fo  low,  that 
it  may  appear  what  Number  will  divide  both  the  Numerator 
and  Denominator,  fo  as  to  reduce  them  to  their  loweft  Terms. 

Exam,  I.  Reduce  ttt  ^Y  Halving. 

-    Half  112  is  56.  Half  168  is  84. 

Half  56  is  28.  Half  84  is  42. 

Half  28  h  14.  Half  42  is  21. 

As  both  thefe  lafl  Numbers  will  divide  by  7,  this  wilt  leduoe 
them  to  7,  their  loweft  Terms, 

Exam,  2.  Reduce  W\  by  Halving. 

Half  f92  is  q6.  Half  288  is  144. 

Half  g6  is  48.  Half  144  is  72. 

Half  48  is  24.  Half  72  is  36. 

Half  24  is  12.  Half  36  is  i8« 

Half  12  ia  6.  Half  18  is  9.    . 

Here  6  and  9  are  divifible  by  3,  which  reduces  them  to  j, 
their  loweft  Terms. 

Sometimes  it  happens  a  Fraction  may  be  reduced  by  dividing 
it  by  3,  4,  5,  or  any  of  the  other  Integers,  as  in  the  follow* 
ir)g  Examples  ;  where  the  Figures  that  ftand  over  each  Par-- 
tition  are  the  Numbers  which  divide  both  the  Numerator  and 
Denominator. 

Efcam.  I.  To  reduce  |fj        Exam.  2.    To  redute  ^'^  to 
to  ]ower  Terms.  lower  Ternif . 

In  the  firft  Example,,  the  Numerator  and  Denominator  of 
the  Fra&ion  ^^r  ™^F  ^  divided  exa6lly  by  2-,  which  gives 
tIt  *  ^"^  ^^^  nwy  be  divided  by  4,  which  gives  ^  5  and 
dividing  this  by  4,  it  gives  \^  s  and  dividing  this  by  6,  It 

gives 
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ghres  7  for  a  new  Fraflion,  m  the  Room  of  |y|.  tn  the 
fame  Mantier  is  the  other  Operation  done.  And  in  this 
Method  the  Learner  is  at  Liberty  to  try  any  of  the  Integers 
far  a  Divifor ;  only  he  niuft  carefully  remember,  that  it  mull 
divide  both  the  Numerator  and  Denominator  exafily,  without 
any  Remainder.  And,  if  he  has  an  Inclination  to  latisfy  his 
Curiofity,  to  know  whether  he  has  done  his  Operation  rrghr^ 
fay.  As  the  given  Denominator  is  to  the  given  Numerator,  fo  is 
tht  new  Denominator  to  the  new  Numerator  ;  then  multiply 
the  firft  and  fourth  Numbers,  and  the  fecond  ^xA  third  Num- 
bers together;  if  thefe  ProduAs  are  equal,  the  Works  is  true» 
Let  lis  take  the  laft  Example : 

As  1080  is  to  810,  (b  is  4  to  3* 
3  4 


^ 


3440         3240 
In  the  fame  Manner  may  any  of  the  other  Examples  be  proved. 

Article  37.  To  reduce  a  Fradion  of  a  lower  Denomination 
to  A  Fradion  of  a  higher ;  as  the  Fradion  of  a  Farthing  to 
the  Fraction  of  a  Shilling  or  a  Pound. 

RuU,  Make  it  a  compound  Fradion,  thro'  all  the  inter- 
mediate Diviiiqns  between  the  given  Fradion  and  that  De- 
nomination to  Whi<!h  it  is  to  be  reduced,  as  in  the  following 
Examples  $  and  then  reduce  this  compound  Fradion  to  a 
fimple  Fradion,  by  Art.  3. 

Exam,  Ik  Exam.  a. 

^"^Tr^S^ln^T^^l^^  '^'    R«J"«  A  of  an  Inch  to  tb. 
Fraa.on  of  a  Pound.  ^^^^^  ^^  ^  P^^^ 


^  of  i  of  A  of  A.  ArfA. 


a  3 


I 

2 
t 

2 
I 


i       ? 


10 
la 


9  za» 

AnC  T^v  of  a  I^h 


2  2880 

AttC  TrT7  ^  A  Pound  Sterling,  H  Sxm.  1 , 
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Exam.  I.  A  Farthing  is  ^  of  a  Penny,  whence  ^  of  a.  Far- 
thing are  {.  of  j  of  a  Penny ;  and,  becaufe  a  Penny  is  ^  of  a 
Shilling,  therefore  ^  of  a  Farthing  arc  \  of  ^  of  -yV  of  *  Shil- 
ling y,  and,  becaufe  a  Shilling  is  ^^  of  a  Pound,  y  of  a  Far- 
thing are  j.  of  ^  of  -rV  of  ^  of  a  Pound  :  Which  compound 
FraSion  being  reduced  to  a  fimple  Fraction,  by  Art.  3,  is 
-ziV?  of  a  Pound  Sterling,  equal  to  -j  of  a  Farthing. 

Exam.  2.  Becaufe  an  Inch  is  ^V  of  a  Foot,  therefore  -^  of 
an  Inch  is  ^s^y  of  -jij^  of  a  Foot :  Which  compound  Fraftion 
being  reduced  to  a  fimple  Fraction,  by  Arc.  3,  is  ttv  of  a 
Foot,  equal  to  -^^  of  an  Inch. 

If  ■ 

Article  38.  To  reduce  a  Fraction  of  a  greater  Denomination 
to  a  Fra6tion  of  a  lefs. 

Rule.  This  is  the  Reverfe  of  the  former  j  and  is  performed 
by  multiplying  the  Numerator  of  the  given  Fraction,  by  all 
the  intermediate  Divifions  of  the  Integer,  for  the  new  Nu- 
merator ;  under  which  place  the  given  Denominator,  and  this 
will  be  the  Fraction  fought. 

Exam.  I.  Exam.  2. 

Reduce  ^  of  sl  Pound  Sterling    Reduce  ^  of  a  Pound  Sterling 
to  the  Fradlion  of  a  Farthing.       to  the  I  ra£Hon  of  a  Penny. 

3 

20 


3 

20 

# 

60 

12 

720 

4 

Anf. 'V'ofa 

60 

12 


Anf.  7|«  of 
720  a  Penny. 
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Thus  have  we  done  with  the  moft  difficult* Part  of  Arith- 
metic, the  Vulgar  Fradions  ;  only  it  may  be  neceflary  to 
ihew  the  Learner  the  Manner  of  working  an  Example  or  two 
in  the  Rule  of  Three  dired,  in  Fraftions. 

Article  39.  To  refolve  Queftions  in  the  Rule  of  Three  in 
Fractions. 

Rule.  After  the  Queftion  is  ftated  according  to  the  ufusl 
Manner  in  the  common  Rielg  cf  Three^  multiply  the  Deno- 
minator of  the  firft  Term  into  the  Produd  of  the  Numerators 
of  the  fecond  and  third  Terms,  for  a  new  Numeratbr ;  then 

mukipljr 


J 
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imiltiply  the  Numerator  of  the  firft  Term  into  the  Produft 
o^  the  Denominators  of  the  fecond  and  third,  for  a  new  Dc* 
nominator  \  and  this  new  Fradion  is  the  Anfwer  fought. 


Exam.  I. 

If  ^  of  a  Yard  of  Lace  coft  ^ 
of  a  Pound,    what  will  5 
'  Yards  coft  ? 

As  ^  is  to  ^^  fo  is  f  • 

7  8 

5  I 


Exam,  2. 

■ 

If  ^  of  a  Pound  of  Silver  coft 
2/.  bs.  id.  what  will  I  of 
a  Pound  coft  ? 


As  -|-  is  to  4>  ^  "  T* 

8 
3 


7 
5 


35 

4 


8 


35 
5 


24 
3 


140  24 

Anfwer  Vr*  ^^  *  Pound,  or 
5/.  16  X.  id^ 


ITS  72 

Anfwer  y^?  of  a  Pound,  or 
2/.  8/.  7^.  i. 


Exam.  I.  The  5  Yards  are  reduced  to  the  improper  Fraftion 
4-,  by  Art.  i  j  then  multiply  the  Numerators  of  the  fecond 
and  third  Terms,  and  that  Produ<St  being  multiplied  by  4^ 
the  Denominator  of  the  firft  Term,  it  gives  140  for.  the 
Numerator  of  the  fourth  Term ;  then  the  Produft  of  the 
Denominators  of  the  fecond  and  third  Terms  being  multiplied 
by  3,  the  Numerator  of  the  firft  Term,  it  gives  24  for  the 
Denominator  of  the  fourth  Term :  So  is  '^^  the  Anfwer 
fought;  the  Value  of  which,  by  Art.  35,  is  5/.  i6j.  8^, 
If  the  Learner  has  the  Curiofity  to  examine  this  Queftion  by 
common  Arithmetic,  he  may  turn  it  into  whole  Numbers 
thus}  I*  of  a  Pound  is  lyj.  bd.  then  if  ^  of  a  Yard  coft 
•  17  s.  bd.  5  Yards  will  coft  5/.  i6j.  %d. 

Exam.  2.  The  6x.  id.  are  changed  into  the  Fradion  of  a 
Pound  Sterling  thus;  becaufe  20  Shillings  make  a  Pound, 
therefore  6  Shillings  are  -^  of  a  Pound  ;  and  12  Pence  making 
I  Shilling,  and  20  Shillings  i  Pound,  therefore  8  Pence  arc 
^  of  ^  of  a  Pound,  by  Art.  37  :  Whence  ^  of  a  Pound, 
being  added  to  tt  ^^  tt?  ^^  ^  Pound,  will  be  in  Fraflions 
the  fame  Thing  as  6j.  8^.  But  -rV  of  -^  being  reduced  to  a 
fimple  Fradion,  by  Art.  3,  are  ^J^  ;  then  4<^  and  ^^  being 
reduced  to  Fradions  of  the  fame  Denomination,  by  Art.  4,* 

and  the  Sum  of  thefe  Fradions,  by: 
H  2  Art, 


are  ^HS  and 


|60 
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Art.  I  f ,  is  ^47Q  •  I^^ft^T)  ^his  FraAion  being  reduced  to  its 
loweft  Terms,  by  Arc.  369  is  |-;  whence  iL  6j.  8^.  is  in 
Fradions  2  -^  )  which  being  reduced  to  an  improper  FraAion, 
by  Art.  2,  is  ^.  Now  ftate  the  Queftion  in  common  Arith« 
metic»  and  proceed  according  to  theDiredions,  and  the  Anfwer 
will  be  Vt  of  *  Pound,  or  2/.  8r.  jrf.  i. 

0/  Decimal  Fraffions. 

•a 

DECIMAL  Fradions  are  a  modern  Invention,  tbo* 
of  great  Ufc:  It  is  faid  to  be  the  Invention  pf  Regio* 
montanuSj  for  the  Calculation  of  his  Tables.  Some 
objed  againft  Decimal  Arithmetic,  becauie,  in  Dividon,  it 
does  not  always  give  the  true  Quotient,  only  very  near,  which 
will  be  the  Cafe  while  there  is  a  Remainder ;  whereas  the 
Vulgar  Fradions  give  the  Truth.  But  this  Objection  is  of  no 
real  Force :  For  if  it  be  confidered,  that,  tho^  you  can't  have 
the  true  Quotient  in  fome  Cafes,  *yet,  in  all  Cafes,  you  may 
come  as  near  the  Truth  as  you  pleafe,  fo  as  to  be  within  the 
icoooth  Part  of  a  Farthing,  or  a  Grain,  or  whatever  elfe  the 
Integer  is.  Add  to  this,  that,  in  a  Decimal  Fradbn,  we  can 
fee,  by  bare  Infpe^lion,  without  any  Trouble  of  Redudion, 
the  Value  of  it  to  Half  a  Farthing  in  Mohey,  to  -i*  of  an  Inch 
in  Foot-Meafure,  and  to  as  fmall  a  Part  in  other  Things,  as 
will  be  (hewn  hereafter ;  which,  in  moft  Cafes,  is  near  enough. 
Whereas,  in  Vulgar  Fradions,  after  you  have  been  at  the 
Trouble  of  reducing  them  to  the  known  Parts  of  Coin, 
Weights,  Meafures,  ^c.  by  Art.  35,  you  often  have  a 
fradional  Part  of  the  leaft  Denomination  into  which  the  In* 
teger  is  ufually  divided,  as  of  a  Farthing  in  Fradions  of 
Money.  But  the  fuperior  Excellence  of  Decimal  Fradions 
will  he  readily  acknowledged,  by  all  who  are  acquainted  with 
the  Facility  of  their  Operation,  compared  with  the  Difficulty 
of  Vulgar  Fractions,  tho*  thefe  have  their  Ufe  in  fome  Cafes. 

The  Definition  and  Notation  of  Decimal  FraSiom. 

When  Integers  are  divided,  or  fuppofed  td  be  divided,  into 

16,  100,  1000,  iic.  equal  Parts,  any  Number  of  thofe  Parts 

jm  what  arc  called  Decimal  Fradions :    A  Decimal  Fraftion^ 

therefore* 


i 


— r^ 
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therefore,  Is  that  which  has  for  its  Denominator  an  Unit, 
with  a  Cypher,  or  Cyphers,  annexed  to  it,  as  lo,  100^ 
loco,  &r.  But  the  ufual  Way  of  noting  down  Depimal 
Fractions,  and  which  makes  them  more  ready  fer  Ufe,  is  to 
omit  the  Denominator,  and  prefix  a  Point  or  Comma  before 
the  Numerator  to  the  left  Hand,  to  diftin^iOi  them  from 
whole  Numbers. 

A<;,  in  whole  Numbers,  Cyphers  to  the  right  Hand  increafe 
the  Value  or  Power  of  the  Figures  in  a  tenfold  Proportion  ) 
fo,  in  Decimal  Fradions,  Cyphers  to  the  left  Hand  decreafr 
their  Value  or  Power  in  a  ten-fold  Proporti9n«  Thus  .5  ilands 
i^^  -179  ^^  ^^'^  tenth  Parts  ;  .05  for  x^y  ^^  ^^^  hundredth 
Parts;  ,005  for  tttv*  ^^  '^^^  thoufandth  Parts.  And,  ^ 
Cyphers  on  the  left  Hand  of  whole  Numbers  neither  add  or 
diminifh,  in  the  fame  Manner,  Cyphers  on  the  right  Hand  ^of 
Decimals  are  of  no  Signification  j  for  «8  and  ,80  and  .800  are 
all  the  fame  Fradion,  fince  they  are  ^V>  A\r»  and  -rS-r^ 
And  it  has  been  already  (hewn,  at  Art.  36,  that,  when  there 
are  Cyphers  both  in  the  Numerator  and  Denominator,  the 
Cimc  Number  in  both  may  be  cut  off  or  omitted :  By  w'hich 
may  be  fecn,  that  the  difficult  Work  of  reducing  Vulgar  Frac- 
tions to  the  fame  Denominators,  in  order  to  their  being  added 
or  fubtraded,  is  performed  in  the  Decimals  without  any 
Trouble. 

The  Order  of  Places  in  Decimals  proceeds  from  the  left 
Hand  to  the  right :  The  firft  next  the  Dot  is  called  the  Place 
of  tenth  Parts,  the  fecond  the  Place  of  hundredth  Parts,  the 
third  the  Place  of  thoufandth  Parts,  t^c.  becaufe  whatever 
Figure  ftands  in  thofc  Places  (lands  refpeflively  for  fo  many 
tench,  hundredth,  thoufandth,  l$c.  Parts  of  an  Unit :  As 
in  this,  .5473;  here  the  5,  in  the  firft  Place,  is  J^,  the  4^ 
in  the  fecond  Place,  is  .^^ ;  the  7,  in  the  third  Place,  is 
Twy  >  2nd  the  3,  in  the  laft  Place,  being  the  fourth,  \$ 
iTshrs'*  ^^^  ^^y  b^  fcparat^ly  exprcfled,  .5,  .04,  ,007^ 
.C003.  The  Denominator  of  a  Decimal  Fradion  is  always 
known  by  the  Number  of  Places  in  the  Decimal,  the  Deno- 
minator confiding  of  as  many  Cyphers  as  there  are  decimal 
Places,  with  an  Unit  prefixed  ;  always  obferving,  that  Cyphers 
in  the  Decimal  are  reckoned  as  Places  as  well  as  Figures : 
Thus  .05207  is  a  Decimal  of  five  Places,  whole  Denominator 
is  y  00000. 

For  the  better  underftanding  the  Notation  of  Decimals,  the 
foUowin^  S^heoae  of  Numbers,  ii^creafing  in  a  ten-fold  Prp. 

portton 
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portion  from  Unity  to  the  left  Hand,  and  decreafiag  in  the 
feme  Proportion  from  Unity  to  the  right  Hand,  will  be  of 
Service. 


Seventh  Place  ^ 
Sixth  Place  ^ 
Fifth  Place  w 
Fourth  Phce  en 
Third  Place  »» 
Second  Place*  oo 
Fifft  Place        ov 

• 

Fifft  Place  ^ 

Second  Place  ^ 

Third  Place  w 

Foortb  Phce  -►• 

Fifth  Place  oi 

*Sixtb  Place  oo 


Millions  -« 
Hundred  ThouGuids  i 

Ten  Thoulands  I 

Thonfands  y  of  Units. 

Hundreds  | 

Tens  I 

Units  (under  lO)  J 


] 


Tenth  Parts 

Hundredth  Parts  ' 

Thouiandth  Parts  i    r     tt  • 

Ten  Thoufendth  Parts         V^^  '  ^"'*' 

Hundred  Thouiaodth  Parts  I 

Millionth  Parts  I 


In  this  Scheme,  or  Tabic,  you  may  obfcrve,  that  the  Places 
of  whole  Numbers  are  feparated  from  the  Places  of  decimal 
Parts  by  a  Dot.  The  Number  on  the  left  Hand  of  the  Dot 
is  4.735'286»  which  expreflVs  four  Million^  feven  Hundred 
and  thrity-five  Thou f and ^  two  Hundred  and  eight j-Jix  Units 
or  Integers.  The  Number  on  the  right  Hand  of  the  Dot 
txptcffet  feven  Hundred  and  ninety -two  Thou f and  ^  four  Hundred 
mnd  fifty -three  Parts  of  an  Unit,  the  whole  being  divided  into 
one  Million  equal  Parts  ;  which  is  to  be  wrote  thus,  ^y^^y^., 
according  to  the  Method  of  Vulgar  Fraftions  ;  or  thus, 
.792453,  according  to  the  Decimal  Notation.  So  that,  if  I 
were  to  read  this  Decimal  Fradion,  .7,  I  fhould  call  ir  feven 
Tenths  of  zn  Unit,  the  Unit  being  divided  into  10  Parts.  If 
I  were  to  read  this  Decimal  Fradion,  .79,  I  Ihould  call  it 
fjz*cri  Tenths  and  nine  Hundredth  Parts  of  an  Unit,  or  feventy-- 
nine  Hundredth  Parts  of  an  Unit,  the  Unit  being  now  di- 
vided into  ICO  equal  Parts,  And  .792  \s  feven  Tenths y  nine 
Hundredths^  and  two  Thoufandth  Pans,  or  feven  Hundred  and 
nme:y  two  Thoufandth  Parts  of  an  Unit,  the  Unit  being  now 
^Svidcd    into    looo  Parts.     And    .7924  is  feven  Tenths^  nine 

'  ndredths^  two  Thoufandthsy  and  four  Ten-thoufandth  Parts 

of 
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of  an  Unit}  or  feven  Thoufandy  nine  Hundred  and  twenty- four 
Ten-thoufandth  Pares,  the  Unit  being  now  divided  into  lOOOO 
Parts  i  and  the  fame  of  any  other  Decimal  Fra£lion« 

Addition  of  Decimal  FraSlions. 

Article  4.0.  To  add  Decimal  Fractions  together. . 

Rule.  Place  them  one  under  the  other,  as  in  Addition  of 
whole  Numbers,  obferving  to  place  Tenths  under  Tenths, 
Hundredths  under  Hundredths,  Thoufandths  under  Thou- 
fandchs,  and  fo  on  ;  then  add  them^  as  in  whole  Numbers, 
fetting  down  the  odd  ones,  and  carrying  the  Tens  to  the  next 
Place.  If  the  laft  Place,  or  Place  of  Tenths,  next  the  Dots, 
amounts  to  any  Number  of  Tens,  they  muft  be  carried  to  the 
Place  of  Units,  on  the  left  Hand  of  the  Dot. 


Exam.  r. 

« 

Add  .127  and  .244 
and  .348  together. 

Exam.  2. 

Exam.  3. 

Exam.^. 

.127 
.244 

.348 

•3375 
.1468 

.2579 

.415 
.028 

•473 

.215 

•4923 
.0514 

.719  .7122  .916  -TSS/ 

Exam.  I.  HaTing  placed  the  ieveral  Fra£):ions  one  under 
another,,  according  to  their  feveral  Denominations,  and  added 
them,  as  in  whole  Numbers,  the  Sum  is  .719,  or  feven  Tenths^ 
one  Hundredth^  and  nine  Thoufandth  Parts  of  an  Integer  or 
Unit,  or  feven  Hundred  and  nineteen  Thoufandth  Parts  of  an 
Integer. 

The  other  three  Examples  are  added  in  the  fame  Manner, 

Exam.  5.  Exam.  6.  Exam.  7. 

.4573  .784  \       .94561 

.589  .9127  .923 

•7»24  .8352  .7465 

1.7587  2^.53X9  2.6X511 

Exam.  5.  There  being  no  Fradion  in  the  middle  Row  of 
the  fame  Denomination  with  the  3  in  the  upper  and  the  4  in 

'  the 
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the  lewet  Rows,  I  add  the  4  and  the  ^  togethef,  afid  thdl 
proceed  as  before ;  only,  in  adding  the  Place  of  Tenths,  the 
Sum  is  17,  therefore  I  fet  down  the  7  in  the  t^lacfe  of  Tenths^ 
with  the  Dot  before  it;  and  the  1,  which  is  to  be  carried,  I 
place  tp  the  left*  of  the  Dot :  So  is  the  Sum  compofed  of  one 
Unit,  and  the  Fraflion  .7587. 

The  fucch  and  feventh  Examples  are  added  In  the  lame 
Manner. 

Exam.  8.  Bxam.  g*  Exam*  lo. 

4-579  •   17-9571  -7568 

2.486  4-95  i4«372t 

7.5402  6.901  5.01 


14.6052  29.8081  1011389 

Exam,  8.  The  FraAions  are  added  as  before ;  but,  when 
you  come  to  the  Place  of  Tenths^  the  Sum  being  16^  the  6 
muft  be  placed  down,  and  a  Dot  before  it ;  then  carry  the  i 

Sthe  Integers,  and  add  them,  placing  them  to  the  left  of  the 
ot,  as  is  done  in  the  Example.  In  the  ninth  Example,  there 
ia  2  CO  be  carried  to  the  Integers.  In  the  fame  Manner 
may  any  other  Addition  in  the  fame  Kind  be  done^  only 
taking  Care  that  the  Figures,  whether  Integers  or  Fradions, 
be  placed  under  the  Figures  of  a  like  Denomination ;  for,  if  I 
am  to  add  47.52  to  .42,  the  Abfutdity  would  be  evident^ 
wera  tboy  to  be  plaoe^  and  added  in  this  Manntify  vim. 

47*5* 
•42 


89.52 

But,  by  taking  Care  to  place  tht  Figures  of  the  fiune  Dcno- 
jBiinatjoti  one  under  anotber»  the  Work  will  eailly  be  obferved 
to  be  tfue^  thus, 

47.52 
42 


47-94 

Sititraautt 


(   J7   ) 


^atiktii 


JrticU  41.  To  AibtfdQ  I>ccjiiul  Frafiims^ 

kuii.  Place  the  Numbert  ene  under  another,  accordii^  to 
their  Denomination^  as  in  Additions  then  fubtraA  themi  as 
in  SttUradion  of  whok  24umbers» 

Exam,  u  Exam.  2*  Sxam^  3. 

From  .628  From  3.275  From  .628 

SubtraA  ^109  Subtrad    .984  fiubtrad  .059 


Rexnaifls  .419  Remains  2.29 1  Remain)  .569  , 


■«■ 


Proof  .628  Proof  3.275  Proof  .628 

Thb  beihg  done,  in  all  R^fpeds^  as  hi  Subtradioti  of  whole 
Numbers,  there  can  be  no  Neceffity  of  multiplying  Examples  : 
But  it  ma^  be  proper  to  obferve,  that)  whtii  the  Number  to 
be  fubtraded  has  more  decimal  Places  than  the  Number  from 
vrhich  it  is  to  be  fubtraded^  you  muft  take  fuch  Figures  from 
10,  for  which  i  muft  be  carried  to  the  next  Place,  as  will 
appear  by  the  following  Examples. 

Exam.  4*  Exam.  5.  Exam.  6» 

f'rom  12.372  From  .78  From  73-14 

iSubtrad       •9758         Subtract  .6942  Subtr^S  26.526 

Remains  11.3962       Remains  .0858  Remains  46.614 


rt^ 


t^roof  i2.j7te  Proof  .7800  Proof  73.140 

Exam.  5.  There  being  nothing  to  fubtra^  the  2  from,  I 
take  it  from  10,  and  the  Remainder  is  8  s  then  I  carry  the  i 
that  I  borrowed  to  the  4,  which  makes  5,  and^  there  being 
nothing  over  the  4,  I  take  5  from  10,  and  the  Remainder  is 
5;  then  I  carry  the  i  to  the  9,  which  makes  lO}  now  10 
from  8  i  cannot,  but  10  from  18,  as  in  whole  Numbers,  and 
there  temains  8  $  and  the  i  muft  be  carried  to  the  6,  as  in 
Subtfaftfen  of  whole  Numbers.  The  other  Examples  are 
performed  in  the  fame  Manner.  And  the  Proof  is  the  fame 
as  in  whole  Numbers,  that  b,  add  the  Remainder  to  the  Sum^ 
fubtra^d,  and  it  makes  the  fame  as  the  Number  it  was  fub* 
traftedfrom. 

I  MuMpIicatUn 
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LJuUhlication  of  Decimal  Fra&ims, 

■ 

Articli  42.  To  multiply  Decimal  Fradions. 

Rule.  This  is  performed  in  the  fame  Manner  as  in  Multt* 
plication  of  whole  Numbers ;  only,  when  the  Multiplication 
is  ended,  there  muft  be  as  many  Places  cut  oS  in  the  Produd, 
for  Decimals,  as  there  are  decimal  Places  in  the  Multiplier  and 
Multiplicand. 

Exam.  r.  Exam.  2. 

Multiply  327.1058  Multiply  .75 

By        5,735  ,      By  ,25 


16355290  375 

9813174  150 


22897406 
16355290  Produft  .1875 


Pfodudl  1 87  5-95 17630 

Exam.  r.  The  Multiplication  being  performed  as  in  whole 
Numbers,  feven  Places  muft  be  marked  ofF  for  Decimals,  be- 
caufe  there  are  four  decimal  Places  in  the  Multiplicand,  and 
three  in  the  Multiplier ;  therefore  the  ProduA  is  1875.951763, 
the  Cypher  on  the  right  Hand,  or  laft  Place,  being  of  no 
Signification. 

'  Exam.  2.  Multiply  as  in  whole  Numbers,  and  the  Produft 
is  1875,  which  muft  be  all  marked  off  for  Becimals,  bdcaufe 
there  are  four  decimal  Places  in  the  given  Numbers,  vi%.  two 
in  the  Multiplier  and  two  in  the  Multiplicand.    « 

Exam.  3.  Exam.  4. 

Multiply  3.125  Multiply  72*04 

By      .08  By       26 

Product  .25000  43224 

14408 


Produd  1873.04 

Exam.  2.  There  are  three  decimal  Places  in  the   Multi- 
plicand, and  two  in  the  Multiplier,  therefore  there  muft  be 

five 


J 


:^ 


Multiplication  of  Decimal  Fractions.  59 

five  Places  marked  oiF  in  the  Produ£l  for  Decimals,  which  are 
all  the  Figures  of  the  Produa':  *  Whence  the  ProduA  is  .25, 
T^tBtmg  the  Cyphers  as  infignificant. 

In  the  fourth  Example,  there  arc  but  two  decimal  Places  in 
the  Multiplicand,  and  none  in  the  Multiplier,  therefore  there 
are  but  two  Places  to  be  marked  off  for  Decimals  in  the 
Produa. 

Exam.  5.  Exam.  6.  Exam.  7. 

Multiply  .13082  Multiply  ^0725  Multiply  .0125 

By  .2;jt463  By  .0083  By      .03 

39346  2175  .000375 

78492  5800 

52328  ■ 

26164  .00060175 

26164 


■*-^- 


.0293860966 

In  each  of  thefe  Examples,  the  Number  of  Decimal  Places 
in  the  refpedive  Multipliers  and  Multiplicands  exceed  the 
Number  of  Places  in  the  Produds ;  therefore  Cyphers  are  an- 
nexed to  the  left  Hand,  to  make  the  Number  of  Places  of 
Decimals  in  che  feveral  Produ£b  equal  to  the  decimal  Places 
in  their  given  Multipliers  and  Multiplicands. 

The  Learner  will  fee,  from  the  next  Examples,  that,  if 
Cyphers  were  not  to  be  prefixed  to  the  left  Hand  of  the 
Produ(5ty  to  make  the  Number  of  Places  of  Decimal  Fractions 
equal  to  thofe  in  the  Numbers  multiplied,  the  Product  will 
be  erroneous. 

Exam.  8.  ^  .  Exam.  o. 

Multiply  2.  Multiply  .2 

By  .3  By  .3 


•6  .06 

Now,  if  a  Cy(dier  was  not  prefixed  to  the  ninth  Example^ 
the  Produ^  of  both  Multiplications  would  be  the  fame,  which 
is  abfurd. 

In  multiplying  whole  Numbers  with  3  or  4  decimal.  Places 
annexed  both  to  the  Multiplier  and  Multiplicand,  the  Work 
13  fomcwbftt  tedious  i  and  it  often  is  not  neceiTary  to  have  the 

1  2  *  Produft 


\ 


I 

PwdiiA  ntarCk  tfaam  to  3  or  4  Pbccs  of  P«cinKds,  a  tbou&nditli 
or  a  tai*ihQw(a«dth  Pare  of  the  Integer  being  near  enough  in 
moft  Cafes  y  it  will  be  proper,  cherefoiTy  to  wftnifi  the  young 
MatheiBatictan  hpw  10  contrad  Multiplication,  (b  as  to  have 
hut  juft  fo  flMiny  Places  of  DccimaU  ix\  the  Produft  a$  arc 
ti^ougbt  neceflarj. 

jtrticli  43.  To  contrad  Multiplication. 

Ruk,  Place  the  Units  of  the  Multiplier  under  the  fame 
decimal  Place  gf  the  MuftipHcand,  as  is  reqt^ired  to  be  the 
laft  Place  in  the  ProduA,  and  invert  all  the  other  Figures  of 
the  Muhipiier;  then  begin  moltiplying  each  Figure,  at  that 
which  ftands  immediately  over  it,  adding  what  is  to  be  carried 
from  the  Figure  that  ftands  next  to  it  on  the  rigkl  Hand,  aa 
will  be  ihown  in  the  following  Examples.. 


Exam,  i« 
Multiply  579.836515 

By  7-4^539  ^o  make 
four  Places  of  Decimab  in  the 
Produa, 

579-83654 
93564-7 


■*• 


40588556 

^319346 

34790^ 
91^992 

1740 
521 


w 


43*8.7057 


Exam.  %. 

Multiply  385.73^74 

By    28.551734  to  make" 
four  Places  of  Decimab  in  thq 
Piodua. 

385.7397+ 
43725.8a 

77H7948 
30859179 

(928699 

77148 

»70o» 

1157 
154 


11004,1286 


Exam.  f.  The  Figures  of  the  Multiplier  being  inverted, 
and  the  Units  kt  under  the  fourth  Place  of  Decimals,  multiply 
the  7  into  rite  5  which  is  over  it,  and  tlie  Produft  is  35  ,  but, 
as  there  is  a  2  to  the  right  Hand,  which  being  multiplied 
into  7  is  14,  from  which  i  ought  to  be  carried,  and,  as 
the  Exccfs  above  10  is  but  4,  there  muft  be  onty  x  carried, 
which  makes  36,  fei  down  the  6  and  carry  the  3,  proceed* 
ing  to  multiply  the  7  thro'  all  the  other  Figures  in  the  MuJ- 
t'tplicand,  as  in  common  Mukiplication  :  Then  begin  multi- 
plying by  the  4,  firft  into  tlie  5,  which  ftands  next  to  tho 
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Figure  that  is  ov^  it,  in  order  to  know  what  miift  be  carried, 
and  the  Produd  is  20 ;  therefore  a  muft  be  carried ;  then 
fay,  4  times  6  is  24,  and  2  that  I  carried  is  26  ;  now  fet 
down  this  6  under  the  former  6,  carrying  2  to  the  next,  and 
proceed  as  in  common  Multiplicatioa.  In  the  (ame  Manner 
every  Figure  muft  firft  be  multiplied  into  that  which  ftands 
next  to  the  Figure  that  is  over  ir,  in  order  to  know  what  ia 
to  be  carried  i  and,  if  it  makes  5  above  any  Number  of  Tent^ 
one  more  muft  be  carried  for  that  5,  u  /.  if  it  amounts  to  15 
you  muft  carry  2,  if  to  25  you  muft  carry  3,  &c.  becaufe,  in 
Cafe  all  the  Figures  were  multiplied,  the  odd  ones  in  cafting- 
up  jncreafe  to  Tens,  For  which  Reaibn,  in  multiplying  b^ 
the  3,  tho'  that,  l)eing  multiplied  into  the  8  which  ftands 
nesit  to  it,  makes  but  24,  yet,  as  there  was  a  4  receded  in 
the  firft  Line,  /.  /.  I  carried  but  i  for  14,  therefore  I  here 
carry  3,  tho'  it  is  not  more  than  24.  And,  if  this  be  care«i 
fully  obferved,  there  will  fcarce  be  a  ten-tbouiandth  Part  of  ai| 
Unit  loft  in  this  Method ;  as  is  the  Caje  here,  for  all  the 
Figures  being  multiplied  in  the  common  Way,  the  Produft 
is  4328,705758o428i, 

Exam,  2.  This  being  done  in  Che  fame  Manner,  the  Pro* 
iu£t  is  11004,1286;  and,  if  done  at  full  Length,  is 
1 1 004. 1 287 1 4491 6,  little  more  than  one  bundred-thoufandth 
Part  of  an  Unit  more  than  comes  out  in  the  Contraction, 
which  is  nearer  than  is  neceflary  in  m<^  cominoa  Aftaiis  ; 
where  it  will  be  fuficiently  near  if  contra^ied  to  two  Phccs 
of  Decimals,  Inftead  of  giving  other  Examples,  I  fliall  fet 
down  the  two  former  contracted  to  two  Places,  by  which  the 
Jicarnef  will  fee  that  the  Difference  is  fo  Httie,  as  not  to  be 
worth  the  Trouble  in  common  Cafes. 

Exam.  I.  Exam*  2. 

579*83652  385-73974 

93564.7  43725-8a 


mmmm 


405886  77 '479 

23193  308592 

3479  «9287 

290  771 

17  270 

5  " 


4328.70 


mm 


11004.13 

Exam.  i« 


p 

/ 
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Exam.  I.  In  multiplying  by  the  7  it  muft  be  ohCerved, 
that,  tho'  7  times  6  is  but  42,  yet,  as  there  is  a  5  in  the  next 
PJaice,  which  being  multipliol  by  7  is  35,  and  from  which,  ac- 
coraing  to  this  Rule,  4  ihould  be  carried,  this  will  make  it 
46 ;  ib  that  5  muft  be  carried  to  the  21,  arifing  from  multi- 
plying the  7  into  the  3  that  ftands  over  it,  which  makes  it  26  s 
let  down  the  6,  and  proceed  in  the  Multt(4ication  as  before  ; 
ki  fuch  {hort  Contraii^ions  always  taking  Care  not  to  omit 
carrying  to  the  full  Extent  of  the  Rule.  .  The  Produd  here 
&lls  ihort  but  .005;  which,  if  it  were  in  Foot-Meafure,  is 
not  the  ^  of  an  Inch ;  but,  in  the  Fraction  of  a  Pound 
Sterling,  is  (bmewhat  more  than  one  Penny. 

Exam.,  2.  In  multiplying  by  the  2  I  carry  r,  but  in  muln 
tiplying  by  the  8  I  carry  8 »  becaufe  the  7  being  multiplied 
by  8  makes  56  ;  then  multiplying  the  9  by  8,  and  carrying 
5  from  the  56,  it  makes  77,  which  is  more  than  is  required 
Jbr  carrying  8  by  the  Rule.  The  fame  Rule  being  obferved 
in  the  other  Figures,  the  ProduA  is  1 1004. 13,  ^hich  i«  but 
•0013  more  than  before ;  and  which,  in  the  Fradion  of  a 
Foot,  is  one  hundredth  Part  of  an  Inch,  or  little  more  ;  but,  in 
the  FiaAion  of  a  Pound,  is  fomewhat  more  than  one  Farthing. 


Art.  44.  Divifion  of  Decimal  FraBions. 

Rule.  Divide,  in  all  Refpeds,  as  in  whole  Numbers ;  only 
there  is  Ibme  Difficulty  in  afcertaining  the  Number  of  Decimal 
Places  in  the  Quotient,  which  fh^U  be  taught  in  the  Examples. 

Exam.  I.  Divide  75.20764        Exam.  2.  Divide  836.1705 

By  6.384  By  12.75 

6.384)  75-207^4  ("-78     12.7s)  836.1705  (65.582 
6.384  76.50      / 


11367  7117 

6384  6375 


49836  7420 

44688  6375 


51484  10455 

51072  10200 

412  JI55O 

2550 
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Exam.  I.  Divide  according  to  the  Rule  in  common  Arith- 
metic, and  the  Quotient  is  1178.  In  order  to  know  how 
many  Places  muft  be  marked  off,  by  a  Dot,  for  Decimal^^  cut 
oflF  in  the  Produ£l  firft  fubtraded  from  the  Dividend,  tba^HS 
6384,  as  many  Places  of  Fradions  as  there  are  in  the  Divifor, 
which  in  this  Cafe  is  three.  Amongft  thefe  Figures  obferve 
which  ftands  in  the  Place  of  Units,  which  is  the  6 ;  then 
obierve  the  Denomination  or  Power  of  the  Figure  rn  the  Divi* 
dend  that  ftands  over  this  6,  which  is  the  7,  and  that  ftands 
in  the  Place  of  Ten^^  for  the  5  is  in  the  Place  of  Units  in  the 
Dividend  :  Therefore,  the  Dot  muft  be  fo  placed  in  the 
Quotient,  that  the  firft  Figure,  i,  may  be  of  the  fame  Deno- 
mination or  Power  with  the  7  in  the  Dividend,  which  ftood 
over  the  6,  the  Units  Place  in  the  firft  Produd  fubtraded 
from  the  Dividend  ;  that  is,  as  the  7  in  the  Dividend  is  in  thfr 
fecond  Place  of  Integers,  or  Place  of  Tens,  fo  muft  the  firft 
Figure,  i,  in  the  Quotient  be  in  the  fecond  Place  of  Integers^ 
or  Place  of  Tens ;  therefore  the  Dot  muft  be  placed  between 
the  fecond  and  third  Figures:  Thus  is  11.78  the  Quotient 
fought. ' 

In  the  fecond  Example,  the  firft  Product,  7650,  has  two 
Places  cut  oft*  for  Decimal  Fradions,  there  being  two  Places 
in  the  Divifor ;  the  6  ftands  in  the  Units  Place,  over  which 
in  the  Dividend  is  the  3,  in  the  fecond  Place  of  Integers,  or 
Place  of  Tens  ;  therefore  the  6,  the  firft  Figure  in  the  Quo- 
tient, muft  be  the  Place  of  Tens :  So  b  65.582  the  true 
Quotient  fought. 

Exam.  3.  Exam.  4. 

54-7)  99-465  (i-8i  497-)  3^65.79  (6.93 

54.7  2802. 

4476  4637 

4376  4473 


1005  1649 

547  »49* 


■•^ 


458  '58 

Exam,  3.  Cutting  off  one  Place  of  Frafiions  in  the  ProduA 
547,  which  is  firft  fubtra£led  from  the  Dividend,  the  4  will 
be  ia  the  Place  of  Units;  which  ftanding  under  the  o,  in 
the  ?U^G  of  Units  in  the  Dividend,  the  Dot  muft  be  fo  placed 

in 
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in  the  Quotient  that  the  firft  Figure  of  it  may  be  in  the  Place 
of  Units;  that  is,  the  Dot  muft  be  placed  in  the  Quotient 
between  the  firft  and  fecond  Figures. 

Exam,  4.  There  being  no  Fradions  in  the  Divifer^  I  place 
the  Dot  to  the  right  Hand  of  the  Produft  28o2»  and  the  2 
wtQ  be  then  in  the  Place  of  Unites  ;  which  ftanding  tinder  the 
5»  in  the  Place  of  Units  in  the  Dividend,  I  place  the  Dot  tn 
the  Quotient  as  in  the  laft  Example. 

Exam.  5.  Exam,  6. 

75-3)  4a-8s47  (•569  487)  3-S76ox  (.734 

376.5  3409 

5204  1679 

4518  '  I46I 


6867  2691 

6777  1948 


««i 


9P  143 

Exam.  5.  The  Divifion  being  ended,  and  there  being  one 
Place  of  Fradions  in  the  Divtfor,  I  cut  off  one  Figure  for 
Fradtions  in  the  ProduA  3765  ;  then  the  6  is  in  the  Place  of 
Units ;  and,  it  ftanding  under  the  8  in  the  Dividend,  which  is 
the  firft  Place  of  FraAions,  phne  the  Dot  fo  that  the  5,  the 
firft  Figure  in  the  Quotient,  may  be  in  the  firft  Plim  l>f 
FraAions;  Whence  .569  is  the  Quotient. 
The  fixth  Example  is  done  in  the  fame  Manner. 
If  the  Divifor  confifts  of  more  Places  than  the  Dividend, 
annex  Cyphers,  at  Pleafure,  to  the  right  Hand  of  the  Decimal 
Fradion  of  the  Dividend,  for  thefe  do  not  alter  the  Value  of 
the  Dividend ;  and  then  proceed  with  the  Divifion  by  the 
Rule  already  given,  as  in  the  following  Examples. 

Exam.  7*  Exam.  8.  < 

3.9827)  24.750000  (6.21  41 -756)  5-730000  (.137 

23.8962  41-756 

8^38©  » 5 5440 

79654  125268 


mm 


57260  30x740 

39827  292292 

17433  94^8  ^ 

Exam.  7. 
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Jtxam.  7*  Obferving  that  there  are  not  fo  many  Figures  in 
the  Dividend  as  there  are  in  the  Divifbr,  I  annex  Cyphers 
to  the  right  Hand  of  the  FraAion  in  the  Dividend,  after 
which  the  Operation  proceeds  as  before :  And,  iii  annexing  of 
Cyphers,  I  am  at  Liberty  to  ahnex  as  many  as  are  thought 
convenient,  and  of  which  the  Learner^  from  a  little  Expe- 
rience, will  be  able  to  form  a  judgment. 

And,  after  all  the  Figures  in  the  Dividend  are  tal)cen  down, 
if  it  is  convenient  to  continue  the  Divifion  to  a  ferther  Degree 
of  Exadnefs,  it  may  be  done  by  continuing  to  take  down 
Cyphers,  as  if  they  had  been  annexed  to  the  Dividend^  as  in 
the  following  Examines, 

Exam*  g.  Exam*  lO. 

4.15)  79.18  (18.63  7 jO  4»'it  (.6441 

4.25  450. 


3668  331 

3400  300 

x68o  310 

2550  300 

HI     ii.B   mil*  .  at.i  I   ■  ■  iH 


1300  •  100 

1^75  75 


Mi  \\ 


25  •  ^S 

Exam.  9.  After  the  Dividend  has  been  aB  taken  dowii^ 
there  remaina  268,  to  which  I  uke  down  a  Cypher  ;  and, 
proceeding  with  my  Divifion,  thercf  remains  130  ;  to  which  I 
take  down  another  Cypher,  and  continue  the  Divifion  :  This 
may  be  done  at  Pleafure ;  and^  after  the  Divifion  is  ftopped^ 
the  Quotient  is  ftill  fet  off  by  the  fame  Rule. 

And  fo  of  the  tenth  Example. 

But  now,  if,  after  the  Divifion  is  ehded^  it  appears,  that  tfa« 
firft  Figure  in  the  Quotient  is  in  the  fecond,  third,  fourth,  or 
^y  other. Place  ot  Frafiions  bdow  the  firft,  then  prefix  fo 
many  Cyphers  to  the  left  Hand  of  the  Quotient  as  will  deprefi 
>be  nrft  Figure  in  the  Quotient  to  the  Denomination  required^ 
as  in  the  following  E^roples. 

K  Exam,  IX* 


•  • 
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Exam.  II.  Exam,  I2. 

•    45-7) -7893  (-OJ?  24S-)  i-S^sa  (-0055 

45  7  "*5- 

■■             ■!         I         ■  ■■                             ■     ■ 

3323  •                      1402 

3199  1225 


12+  177 

Exam.  II.  The  DivHion  being  ended,  and  there  being 
Fradion  in  the  Divifor,  I  cut  oiF  one  Fradion  in  the  Pro- 
dud  457  ;  and  then,  the  5  in  the  Units  naoe  ftanding  under 
the  8  in  the  fecond  Place  of  Fradions  in  the  Dividend,  pbce 
one  Cypher  to  the  left  Hand  of  the  i  in  the  Quotient,  amd 
the  Dot  to  the  left  Hand  of  the  Cypher:  So  is  .017  the 
Quotient  fought. 

Exam.  12.  The  Divifion  being  ended,  and  there  being  no 
FraAions  in  the  Divifor,  I  obferve,  that  the  5  in  the  Units 
Place  in  the  Prddud  1225  ^  under  the  5  in  the  third  Place  of 
FraAions  in  the  Dividend ;  therefore  place  two  Cyphers  to  the 
left  Hand  of  the  5  in  the  Quotient,  and  the  Dot  to  the  left 
Hand  of  the  Cyphers  :  So  is  .0055  the  Quotient  fought. 

Ex,am.  13.  Exam.  14. 

*  ■  * 

753.)  .9165  (.0612  476.1.3182  (.0006 

753.  2856. 

1735  326 

1506 


229 

Exam.  13.  The  Divifion  being  ended,  and  there  being  no 
Fradions  in  the  Divifor,  and  the  3  in  the  Units  Place  in  the 
ProduA  ftanding  under  the  6  in  the  third  Place  of  Fradions 
in  the  Dividend,  I  place  two  Cyphers  and  the  Dot  to  the 
left  Hand  of  the  Quotient,  as  in  the  Example. 

In  the  fourteenth  Example,  I  muft  place  three  Cyphers  to 
the  left  Hand  of  the  Quotient  Figure :  So  is  .0006  the  Quo- 
tient (ought. 

^  It 
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It  may  happen,  that  there  may  be  no  Integers  in  the  Pro* 
dud  that  b  firft  fubtraded  from  the  Dividend  ;  in  this  Cafe, 
tbe  Place  of  Units  muft  be  fupplied  in  the  Mind ;  or,  to  make 
it  more  eafy  to  the  Learner,  after  the  Fradions  are  Separated 
in  tbe  ProduA  which  is  firft  AibtraAed  from  the  Dividend, 
pbce  a  Cypher  to  the  left  Hand  of  the  Dot,  which  reprefent- 
iiig  tbe  Place  of  Units,  tbe  Quotient  may  be  marked  oflF  as 
bmre,  as  in  thefe  Exampio. 

Exam,  15.  Exam.  16. 

•135)  7.3496  (53.7        .as)  78.94  (315.7 
0.675  0-75 


^m 


499  39 

405  as 


946  144 

94J  «25 


190 

>7S 
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Exam.  15.  There  being  three  FraAioos  in  the  Divifor,  tbe 
firft  Produa  67  5,  which  is  to  be  fubtraAed,  is  to  be  fet  off 
for  Fraftions,  and  I  fupply  the  Units  Place  with  a  Cypher ; 
which,  if  the  Dividend  luul  been  continued  to  the  left  Hand, 
wouU  have  been  under  the  Place  of  Tens,  for  the  6  ftands 
under  the  Place  of  Units  in  the  Dividend  ;  therefore  place  the 
Dot  in  the  CJuotient  £>  that  its  firft  Figure  to  the  left  Hand 
may  be  in  the  Pface  of  Tens. 

Exam.  1 6.  Having  fdaced  a  Cypher  to  reprefent  the  Place  of 
Units  in  the  Produft  firft  fubtramd  fix>m  the  Dividend,  and  aa 
the  7  in  tbe  Produd  ftands  under  the  7  in  the  fecond  Place  of 
lowers  in  the  Dividend  ;  therefore,  if  tbe  Dividend  had  been 
continued  to  the  left  Hand,  tbe  Cypher  in  the  Place  of  Units 
would  have  been  under  the  thinl  Place  of  Integers  in  the 
Dividend  ;  and  tberefore  I  place  the  Dot  in  tbe  Quotient 
accordingly. 

K  2  Exam.  17. 
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Exam.  17.  Here  I  place  a  Cypher  to  the  left  Hand  of  the 
72,  to  have  as  many  Fradions  inJthe  ProduA  as  there  are 
in  the  Divifor  1  then  I  plape  a  Dot,  and  a  Cypher  to  the  left 
of  that,  for  the  Pfatee  of  Units ;  which  would  have  been  under 
the  third  Place  of  Integers,  if  the  Dividend  had  been  con- 
tinue4  to  the  left  Hand  \  and  therefore  I  place  the  Dot  in  the 
Quotient  accordingly. 
The  eighteenth  Example  is  done  in  the  fame  Manner.  \ 
Now  the  Reader  is  a  little  familiar  with  thefe  Operations^ 
be  may  ]earQ  to  fix  the  Quotient  beibve  the  Divifion  is  ended  i 
which,  in  fome  Care9»  may  fave  Labour ;  for,  as  foon  as  the 
lirft  Subtra£kioi^  is  made,  thp  Jleader  may  dtftinguifti  what 
will  be  the  Denomination  of  the  firft  Figure  in  the  Qj^otient ; 
and  h  know  to  bow  ipany  Figures  be  ihould  continue  the 
Quotient  to  have  two  Places  of  it  Decimals^  which,  in  tnoft 
Cables,  are  fuffici^^t.    As  fuppofe^ 

^4-7)  5498-6734  (2 
49-4 


I  obferve,  that  the  9  in  the  Place  of  Units  (lands  under 
the  Place  of  Hundreds  iii  the  Dividend;  which  bting  in  the 
third  Place  of  Integers,  I  muft  continue  the  Dividon  to  five 
Figures  in  the  Quotient,  to  have  two  of  them  Decimals ;  and, 
if  all  the  Dividend  (faould  not  be  taken  down,  the  reft  may 
be  negleded,  if  two  Peaces  of  FraAIons  art  near  enough  \  and. 
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if  tbereorc  not  Figures  enough  in  the  Dividend  to  conttnue  the 
Quotient  to  fo  maoiy  Places  as  are  wanted,  then  that  muft  be 
fupplied  by  taking  down  Cypben,  as  in  the  (ormcr  Examples. 

There  is  another  Way  df  determining  the  Number  of 
Pecimals  in  the  Quotient ;  whidi  b  this,  count  the  Nuoiber 
of  Decimak  in  the  0ivilbr,  and  then  the  Number  of  Decimab 
in  the  Dividend  ^  aad^  if  diere  axe  more  Phces  of  Decimals  in 
the  Dividend  than  there  are  in  the  Divifory  mark  ofF  fo  manjr 
Places  for  Decimals  in  the  Quotient  as  the  Number  of  Decimals 
in  the  Dividend  exceed  the  Divifor.  Thus,  in  Example  i^ 
there  are  five  decimal  Places  in  the  Dividend,  and  but  three 
in  the  Divifor,  therefore  there  muft  be  two  in  the  Quotient, 
In  the  fecond  Example,  there  are  four  Places*  of  Decimals  in 
the  Dividend,  and  but  two  in  the  Divifor,  for  which  Reafon 
there  are  two  Places  cut  oflF  in  the  Quotient.  But,  in  this 
Cafe,  it  muft  be  carefully  obferved,  whether  in  the  Operation 
smy  Cyphers  have  been  added  to  the  Dividend }  for,  if  there 
)iave  been  Cyphera  addcd^  t})ey  muft  he  reckoned  as  fcv  inany 
f  laces  of  Frafiions, 


Exam. 
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Exam.  20. 

,i6)  432. 
0.32 

(270<>» 

a.5)  18400  (7360 
17-5 

|I2 

■ 

90 
75 

0 
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Exam.  19.  There  being  no  Units  Place  in  the  Divifor,  if  it 
was  fijpplied  by  putting  a  Cypher  in  the  Units  Place,  to  the 
left  Hand  of  the  firft  Frodud:  32,  that  Cypher  would  ftand 
one  Place  l^i^t  than  the  firft  Figure,  4,  in. the  Dividend, 
that  is,  in  the  Place  of  Thoufands ;  therefore  the  2,  the  firft 
Figure  in  the  Quptient,  muft  be  in  the  Place  of  Thoufands ; 
but,  as  there  are  but  two  Figures  in  the  Quotient,  and  the 
Diviiion  being  ended,  the  Places  of  Tens  and  Units  muft  be 
fupplied  with  Cyphers  :  So  is  2700.  the  Quotient  fought. 

Exam.  20.  The  Units  Place  in  the  firft  Produd  ftsmdi  under 
the  $  in  the  Dividend,  which  is  the  fourth  Fkce  of  Integers. 

Place,  of  Tbou&nds ;  therefore  thje  firft  Figure  in  the  ^low 
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ticnt  mttft  be  Thoufands  ;  but,  as  there  are  no  more  than  three 
Places  of  Figures  in  the  Quotient,  and  the  Divifion  being 
ended,  a  Cypher  muft  be  annexed  to  fuppljr  the  Units  Place. 

To  give  the  Learner  a  clearer  Idea  of  Divifion  of  Decimals, 
let  925  be  propofed.  to  be  divided'  by  25 ;  firft  in  whole  Num- 
bers, and  sfterwards  by  reducing  firft  the  Divifor,  and  then  the 
Dividend,  gradually,  to  Decimal  Fra&iohs ;  by  which  the 
Scafoh  of  the  Difierence  of  the  Quotients  will  appear. 


»5-  )  9»5-  (  37' 
75 

«-S  )  9*5-  (  370- 
7-5 

1 

175 
175 

»75 
17$ 

0 

0 

as  )  915.  (  3700. 

•75 

.025  )  925.  (  37000 
.07s 

«75 

175. 

175 
»75 

0 

• 

0 

*5- )  92-5  (  3-7 
75 

25-  )  9»5  (  -37 
75 

>75 
•  175 

>75 
.  175 

0 

1 

0 

25.  )  .925  (  .037 
75 

25. )  .0925  (  .0037 
75 

175 
'75 

'75 

'75 

By  thefe  eight  Examples  it  may  be  feen,  that,  tho*  the 
Fig^ures  in  the  Quotient  are  ftili  the  fame,  yet  they  varv  in 
their  Denomination  or  Power,  as  the  Divifor  or  Divi^d  are 

*  made 
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made  FraSions ;  increafing,  by  making  the  Divilbr  a  Decimal, 
from  37  to  37000.  $  and  decreafing,  by  making  the  Dividend  a 
Fradion,  from  37  to  .0037.  The  Truth  of  any  of  thefe 
Operations  may  be  proved  by  multiplying  the  Divifor  and 
Quotient,  and  marking  the  Decimals  in  the  Produ^  accord^ 
ing  to  the  Rule  for  Multiplication ;  which  will  then  agree 
withi  the  Dividend,  in  Integers  and  Fra&ions,  if  the  Work 
is  true. 

When  there  are  many  Figures  in  the  Divifor  in  Divifion 
of  Decimals,  and  the  Quotient  is  required  only  to  be  very 
near  the  Truth,  the  Work  may  be  contra(5ted,  fo  as  to  fafc 
Trouble,  without  any  confiderable  Lofi. 

i 
JrticU  45*  To  contrad  Divifion  of  Decimals. 
Rule.  Firft  cut  off  from  the  Divifor  all  the  Places  beyond 
the  fourth,  at  Icaft,  if  not  to  the  third ;  then  begin  dividii^ 
the  Dividend,  and  find  the  Denomination  of  the  firft  Figure 
In  the  Quotient,  by  Art.  44 :  By  this  is  known  how  man/ 
Figures  are  required  in  the  Quotient  to  bring  out  the  Number 
of  Decimals  defigned  :  As  for  Example,  if  you  defign  to  have 
three  Places  of  Decimals,  and  the  firft  Figure  in  the  Quotient 
is  in  the  Units  Place,  ihen  you  muft  have  four  Figures  in  the 
Quotient  \  if  it  be  Tens,  there  will  be  five  Places ;  if  it  be 
Hundreds,  there  will  be  fix,  t^c,  that  is,  you  muft  have  b 
many  Figures  in  the  Quotient,  that,  after  the  required  Num- 
ber of  Dorimals  in  the  Quotient  are  fet  off,  the  firft  Figure  in 
the  Quotient  may  be  of  that  Denomination  as  is  required  by 
the  Rule  for  Divifion  of  Decimals.  Now,  knowing  how 
many  Places  of  Figures  are  required  in  the  Quotient,  obferve 
whether  the  Divifor  has  the  fame  Number  of  Figures  as  are 
required  in  the  Quotient ;  and,  if  it  has,  proceed  to  dividing, 
after  having  cut  oft'  the  Figures  in  the  Dividend  (if  there 
be  any)  beyond  where  the  firft  Produdl  reached.  The  reft 
ihal)  be  Ibewn  in  the  Examples. 

Exam.  I.  *  ■ 

Divide  3946.87593 

By  4.2753,  fo  as  toJuive  three  Places  of  Decimabt 

4.^7513)  3946.87SI97  (9, 
38-475 

993 

Exam*,  u 
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Exam.  I,  Having  reduced  the  Divilbr  to  three  Places  of 
Decimals,  by  cutting  off  the  3  in  the  fourth  Place  with  a 
Dafli,  I  proceed  to  divide  u  in  the  ufual  Manner ;  and, 
b^  plactng  the  Quotient  Figure,  g,  in  the  Quotient,  and 
multiplying  the  Divilbr  by  9,  I  nave  38475  for  the  firft 
Piodud ;  three  Places  of  wiiich  being  marked  off  as  Decimaltf 
liecaufe  there  are  three  decimal  Places  in  the  Divifor,  I  find 
the  8  in  the  Place  of  Units  in  the  Produd  (lands  under  [he  9  in 
the  Place  of  Hundreds  in  the  Dividend;  therefore  the  fiift 
^gure,  g,  in  the  Quotient  muft  be  in  the  Place  of  Hundreds  j 
£)  that  the  Quotient  muft  have  fix  Figures,  viz.  three  Places 
of  Integers  and  three  of  Decimals ;  which  being  more  Figures 
by  two  than  there  are  in  the.  Divifor,  tbwe  muft  be  two 
figures  left  in  the  Dividend  beyotid  where  the.  firft  ProduA 
nacbed,  and  but  two  cut  off,  viz.  the  9  and  the  7,  at  the  End : 
But,  if  the  Divifor  bad  conlifted  of  as  many  Places  as  are  re- 
quired in  the  Quotient,  the  laft  four  Figures  might  have  been 
cut  off :  I  ftiall,  therefore,  fet  it  down  acdu&vc  of  thofe  two 
Figures,  and  perform  the  Remaini)(x  of  the  Work. 

4-»7S  )  3946.87s  (  933.146 
'  •  *     38.475  •  • 


9937 
8550 


"3875 
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1050 
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the  two  remainmg  Figures  of  the  Divrdend  arc 

n,  as  in  common  Divihon,  I  put  a  Dot  under  the 

Figure  in  the  Divifor,  to  denote  that  it  ii  not  to 

U 
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ht  iifiej  in  the  future  Part  of  the  Werk :  Then  a&Iiig  bow 
many  times  427,  the  other  three  Fig\iceB  of  the  Dif  ifor,  majr 
be  had  in  tiie  Remainder  1050,  which  is  now  the  Dividend^ 
or  how  many  tiiiies  4  can  be  had  in  lO,  according  to  the 
ufual  Method,  I  find  I  can  have  it  twide^  therefore,  put- 
ting  the  2  in  the  (^etient,  I  multiply  the  Dtvifor  4*27  by 
2»  (having  firft  mukipUed  the  2  into  the  5  that  is  n^eftod, 
in  order  to  know  what  Increafe  is  to  be  carried,  which  is  i, 
for  twice  5  is  jo,  from  whence  x  muft  be  carried)  faying, 
twice  7  is  14,  and  the  i  that  I  carried  is  15  ;  therefore  I  fet 
down  the  5,  and  carry  the  i ;  then  lay,  twice  2  is  4,  and  the 

1  that  I  carried  is  5  ;  hftly,  twice  4  is  8,  which  I  fet  do^n  ; 
now  fubtrad  this  PtoduSt  855  from  1050,  and  the  Remainder 
it  the  next  Dividend  :  Then  putting  a  Dot  under  the  7  in  the 
J>ivifi>r,  to  denote  that  it^is  to  be  rejeded,  I  alk  how  many 
times  42  I  can  have  in  195,  or  how  many  times  4  can  be  had 
in  19,  according  to  the  ufual  Method,  which  I  find  is  4 
times;. then  fetting  down  the  4  in  the  Quotient,  and  mul« 
tiplying  the  7  which  was  laft  marked  off,  to  know  what  In- 
creafe  muft  be  carried,  I  fay,  4  times  7  is  28 ;  which  being 
more  than  25,  I  carry  3,  as  was  taught  in  cantraffed  MuU 
tiplicathn  i  then  fay,  4  times  2  is  8,  and  the  3  that  I  carried 
is  XI,  from  which  i  muft  be  carried;  laftly,  4  times  4  is 
16,  and  the  i  that  I  carried  is  X7,  which  I  fet  down ;  now 
fubtrad  this  Produd  from  195,  and  the  Remainder  is  24, 
which  is  now  the  Dividend :    Then,  putting  a  Dot  under  the 

2  in  the  Divifor,  I  afk  how  many  times  4,  the  only  remain- 
ing Figure  of  the  Divifor,  I  can  have  in  24,  and  the  Anfwer 
is  6  times  :  So  that  the  Quotient  to  three  Places  of  Decimals^ 
ae  was  required,  is  923.246.  But,  in  regard  that  6  times 
4  k  24,  which  is  ail  that  is  in  the  Dividend,  it  appears  from 
hence,  that  this  Qiptiont  rather  exceeds  than  falls  fliort  of  the 
true  Quotient  \  becaufe,  according  to  the  Rule  of  carrying  the 
Increase  arifing  from  the  rejeded  Figures,  it  would  make  25, 
if  we  regard  only  the  multiplying  the  6  into  the  2  ;  tho',  the 
Figure  l^yond  that  being  a  7,  and,  as  6  times  7  is  42,  if  that 
4  is  carried  to  the  6  times  2,  it  will  make  16;  from  which 
carrying  2,  according  to  the  Stridnefs  of  the  Rule,  it  will 
make  2^,  which  is  too  much.  By  working  this  Example  at 
Length,  I  find  the  Qyotjent  is  923.24584,  ^c  which  is  but 
little  oiore  than  one  ten-tboufandth  Part  of  an  Unit  lefs  ths^n 
the  other.  This  I  thought  proper  to  remark,  to  (hew  the 
Learner  how  near  the  eontraded  Mehod  comes  to  the  Truth ; 

L  a«>> 
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and,  at  the  fame  Time,  the  Work  itfelf  (hews  whether  M 
be  too  little  or  too  much,  tho'  only  bj  fucb  a  Trifle. 

Exam*  2.  Exam*  3. 

Divide  417.865942  Divide  27483.842C9 

By  25.293,  to  have  By  42.1763,  to  have 

three  decimal  Places.  three  decimal  Places. 

45.293)417.8615942(16.521     42.1763)^7483.841209(651.642 
25.293  2530578 


•   •  a  . 


16493  217806 

15176  210882 


I3I7  6924 

1265  4217 


52  2707 

50  2530 


2  177 

2  168 


o  9 
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Exam>  2.  The  firft  Figure  in  the  Quotient  appearing,  by 
Art.  44,  to  be  in  the  Place  of  Tens,  there  muft  be  five  Figures 
in  the  Quotient,  in  order  to  have  three  Places  of  Decimals,  as 
required ;  and,  there  being  five  Places  of  Figures  in  the  Di* 
vifor,  I  cut  off  the  other  four  Figures  in  the  Dividend  :  Then, 
proceeding  to  mark  off  one  Figure  in  the  Divifor  each  Time, 
I  firft  inquire  how  many  times  25.29  can  be  had  in  the  Re- 
mainder 16493,  which  is  the  prefent  Dividend,  or  how  many 
times  2  can  be  had  in  16,  as  ufual ;  and  I  find  I  can  have  it 
6  times  ;  therefore,  I  fay  6  times  3,  the  Figure  that  is  marked 
off,  is  18,  for  which  I  carry  2,  it  being  near  20;  then  fay 
6  times  9  is  54,  and  the  2  that  1  carried  is  56  ;  now  put  down 
the  6  and  carry  the  5,  as  in  common  Multiplication ;  and, 
the  ProduiSl  being  obtained,  fubtraA  it  from  the  Dividend,  and 
'  the  Remainder  1317  is  the  next  Dividend  :  Then  marking  off" 
the  9,  the  fecond  Figure  in  the  Divifor,  I  alk  how  often  25.2 
can  be  had  in  this  Dividend,  and  I  find  I  can  have  it  5  times ; 

faying 
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ftying  5  times  9  is  45,  for  which  I  carry  5 ;  then  fay  5 
•  times  2  is  10,  and  the  5  tliat  I  carried  is  15 ;  now  fee  down 
the  5,  and  proceed  to  the  reft  i  and  the  I^roduft  is  1265^' 
which,  being  fubtraAied  from  the  Dividend,  leaves  52  for  the 
next  Dividend :  Then  marking  oiF  the.  2,  the  third  Figure 
in  the  Divifor,  I  aflc  how  many  times  25  may  be  had  in 
52,  which  is  twice ;  then  multiply  ^and  fubtrad  as  before,  and 
there  remains  2 ;  Laftiy,  mark  off  the  5,  and  then  the  Divifor 
is  reduced  to  the  2,  which  may  be  had  once  in  9,  and  the 
Work  is  ended.  The  other  Example  is  done  the  fame  Way  ; 
always  obferirlng  to  have  Regard  to  what  is  to  be  carried  00 
account  of  the  Figures  marked  off  in  the  Divifor. 

Thus  having  gone  thro'  the  Addition,  Subtradion,  Multi* 
plication,  and  Divifion  of  Decimal  FraAions,  it  will  now  be 
proper  to  inftru£l  the  Learner  in  the  Articles  of  ReduAion ; 
which,  not  being  neceflary  before,  could  not  have  been  fo 
well  underftpod,  as  the  Method  of  doing  them  requires  th(» 
Knowledge  of  fome  of  tbofe  Rules, 


ReduSiion  of  Decimal  Fr&£iions. 

There  are  three  Rijes  of  Redu^ion  of  Decimals,  vi%.  To 
reduce  Vulgar  Fradlons  to  Decimal  Fra<5lions ;  To  find  the 
Value  of  Decimal  FraAions  in  the  accuftomary  Divifions  of 
Coin,  Weights,  Meafures,  {sT^.  And  to  reduce  the  cuftomary 
Piyifions  of  Coin,  Weights,.  Meafures,  iic,  into  Decimals  of 
the  refpeftive  Integers, 

jfrtUle  46,  To  redt4ce  Vulgar  Fradions  to  Deciinal^  of  the 
fame  Value. 

Jiule.  Annex  Cyphers,  at  Pleafure,  to  the  Numerator, 
marking  them  as  Decimals ;  then  divide  by  the  Denominator, 
and  fee  oiF  the  Quotient  according  to  the  Rule  for  Divifion  of 
Decimals,  confidering  the  Divifor  as  Integers ;  and  this  will 
be  the  Decimal  fought  in  lieu  of  the  Vulgar  Fradion :  And, 
if  the  Divifion  fhould  not  be  ended,  the  Quotient  may  be 
irontinued  to  any  Degree  of  Exadnefs  by  taking  down  Cyphers, 
»s  h9s  been  taught  in  the  Divifion  of  Decimal  Fraftions, 

I0  2  BxmM 
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E^am.  %.  Exam,  u  Exurtu  3, 

Rediite  r^o  VL  De-    Reduce  i  to  a  De*    Reduce  Vr  to al>!* 
ciaal  rradioii.  dnud  Frafiioo,  cimal  Frt£kioo. 

5.}  2.0  (.4  Aaf.        80  s.ooo  (.125        i605«ooooo(.3X25 
20«  '  8.  4*8 

ao  ao 

16  x6 

40  40 

40  32 

80 
80 


Exam.  I.  Annex  a  Cypher  to  the  Numerates  2,.  and  mark 
the  Cypher  for  a  Fradion  ;  then  divide  by  the  Denominator  5, 
which  muft  be  confideredas  an  Integer,  auid  the  Quotient  is  4; 
which  muft  be  in  the  firft  Place  of  Decimals,  as  tiie  o,  in  the 
Units  Place  in  the  Produfi  which  is  fubtraded  from  the 
Dividend,  fiands  under  tKe  fett  Place  of  FrafUons  in  the 
Dividend. 

Exam.  2.  Here  three  Cyphers  are  annexed,  but  a  greater 
or  tels  Number  might  have  been  annexed  ;  the  Di?ifion«  being 
ended,  the  Quotient  is  .125,  according  to  the  Ruk  for  Divifi#n 
of  Decimals. 

So,  in  the  third  Example,  the  Quotient  is  .31259  a  Decimal 

Fra^ion  in  lieu  of  the  given  Vulgar  Fradion  -^^^ 

* 

Exam.  4.    Reduce  ^   to  a    Exam.  $•    Reduce   V^   to  a 
Decimal  Fradioo,  Decimal  Fradion. 

20.)  3.0C0  (.15  tint  16.}  1.0000  (.0625  Anf« 

20  96 

100  40 

100  32 


80 
80 


Exam. 
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Exum.  4.  The  Divifion  is  coaipkte.  by  the  feoeiid  Siib* 
CraAion ;  therefore  the  laft  Cypher  needs  not  be  taken  down* 

Exam.  5.  The  firft  Prbdud  96  being  placed  under  the  Di- 
videml,  and  the  6,  which  is  in  the  Place  of  Units,  ftanding 
under  the  lecond  Place  of  Decimals  in  the  Dividend,  therefore 
the  firfl  Figure  in  the  Quotient  muft  be  in  the  fecood  Fhce 
of  Decimals,  bj  Art.  44 ;  for  which  Reato  a  Cypher  nuft 
be  prefixed,  and  then  .0625  ^  ^  Decimal  Fnuftion  equal 
10 


Exam.  6.  Exam.  7. 

Reduce^  to  a  Decimal  Reduce  ^^rt  ^^  ^  Decimal 

rra&ion.  Fraction. 


3)  1.000  (.333,  f^c. 
9 

176)  3.000 
176. 

10 
9 

1240 
123a 

10 

8 

9 

Exam.  6.  The  Remainder  being  the  lame  at  every  Sab* 
traAion,  if  Cyphers  were  continued  to  be  annexed,  the  Quo« 
lienc  Figures  would  be  3,  pr  the  fame,  continually,  however 
£ar  continued :  In  all  fuch  Cafes,  it  is  ufual  tto  fet .  down  ai 
many  Places  of  Fraftions  in  the  Quotient  at  once  as  may  be 
choi^t  neceflary. 

Exam.  f.  After  two  Figures  are  obtained  in  the  Quotient, 
(which  are  the  iecond  and  third  Pkces  of  Decimals,  by 
Art*  44}  the  Remainder  b  but  8 ;  fo  that  the  next  would  be  a 
Cypher }  therefore  the  DivifioB  is  flopped,  as  it  may  not  be 
neoeflaiy  to  contiooe  the  Divifion  by  annexing  more  Cyphen. 


47*  To  find  tlie  Vahie  of  Decimal  Fraflions  in  the 
accuftomary  Divifions  of  Coin,  Weights,  Meafurcs,  tf  r, 

RuU.  Multiply  the  Decimal  Fra£lion  by  the  next  fewer 
Denomination,  wlrich  is  to  be  confidered  in  the  Multiplicatioa 
WB  Integers,  and  mark  ofF  the  lame  Number  of  Places  far 
|>ccimA,  by  a  Dot^  is  tm^ht  in  Muktplieation  of  Dectmah^ 
ti  Art.  43 1  and  the  whole  KumberS|  if  any,  are  of  the  fimm 

Deoov 
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Denomination  vrith  tb^  Number  by  which  the  Multiplication 
was  made :  Then  multiply  the  Decimal  fo  cut  off  by  the  nexf 
lower  Denomination^  ftill  cutting  off  as  many  Fra^ions  as 
there  are  in  the  Numbers  multiplied,  the  Number  by  which 
the  Multiplication  was  made  being  coniidered  as  Integers;  and^ 
if  there  are  any  whole  Numbers  cut  off,  they  are  of  the  fame 
Denomination  as  the  Number  by  which  this  Mukiplication 
was  made :  Then  continue  the  Operatidh  'tiU  you  come  at 
the  loweft  Denomination  into  which  the  Integer  is  divided^* 
and  the  whole  Numbers  cut  off  at  each  Multiplication  will  bq 
the  Value  fought.  ' 

'  « 

To  6t)d  the  Value  of  the  following  Fra^ions  of  a  Pound 
Sterling. 

Exam*  !•  Exam.  2*  Exam.  3.  Exam,  4. 

Of  .5  Of  .6  Of  .8  Of  .9 

20.  20.  20.  20. 

» 

" '       ■ '  j>  >  '  ■  ]■  I  *         ■  ■ 


lO.O  12.0  16.0  iS.O 

Exam.  I.  The  Fradion  being  of  a  Pound  Sterling,  multiply 
it  by  20»  the  Shillings  in  a  Pound,  which  mark  as  Integers  ; 
then  in  the  Produ£l  cut  off  one  Fradion,  by  Art.  42,  and  the 
Integers  are  10,  which  are  Shillings,  and  nothing  remains : 
Hence  10/.  is  the  exad  Value  of  ,5  of  a  Pound.  •  So^  in  the 
Iccond  Example,  the  Value  is  i%s,  exaSly.  And,  in  th^ 
tbird  Example,  the  exad  Value  is  ibs^  And,  in  the  fourth 
Example,  it  is  lis. 

Exam.  5.  Exam,  6,  Exam.  7.  Exam,  S. 

\   Of  .325  Of  .475  Of  .825  Of  .97s 

20.  20 . .  20.  20. 


6.5C0      9*500      17.500     J9.500 

12.  12.  12.  12. 


6.000  6.000  6.000  6.ooa  • 

Exam,  5.  The  Fradion  .325  being  multiplied  by  20,  the 
Shillings  in  a  Pound,  and  that  20  being  coniidered  as 
Integers,  there  muft  be  three  Places  of  Fradions  marked  off 
iff  the  Produft,  by  Art.  425  whence  the  6  Integers  are  6 

Shillings: 
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Shillings':  But,  as  there  is  a  remaining  Fradioh  of  .500, 
vrhich  is  the  Fraflion  of  a  Shilling,  multiply  it  by  12,  the 
Pence  in  a  Shilling ;  then  fet  off  the  Produdt,  by  Art.  42, 
and  ve  have  6  in  the  Place  of  Integers,  which  are  Pence, .  that 
being  the  Denomination  by  which  the  laft  Multiplication  was 
made:  And,  there  being  no  Fradion  remaining,  the  exad 
Value  of  .325  of  a  Pound  h  bs.  bd^ 

By  the  fame  Operation,  the  exad  Value  of  the  fixth  Ex- 
ample is  9i.  Of  the  feventh  Example,  is  17  j.  6d.  And 
of  the  eighth  Example^  is  iqs.  bd. 

In  the  four  laft  Examples,  after  the  Multiplication  by  20, 
there  are  in  the  Produ£t  two  Cyphers  in  the  right  Hand  of 
the  Decimal  Fraction,  which,  being  of  no  Value,  might 
have  been  negleded,  as  in  the  following  Examples ;  but,  in 
fuch  Cafes,  the  Learner  muft  carefully  remember  to  cut  off 
Ip  many  Places  of  Fractions  lefs  in  the  next  Produ£l  i  and, 
this  Method  being  pradifed,  I  would  recommend  it  to  him, 
tho\  for  his  Eafe  in  underftanding  the  Operation,  the  Cyphers 
were  tiled  in  the  laft  four  Examples. 


Exam,  9. 

Exam,  10. 

Exam.  II. 

Exam,  I2« 

Of  .234  ' 

20. 

Of  .572 
20. 

Of  .47 
•   20. 

Of  .77 

20. 

4.680  11.440  9.40  15-40 

12.  12.  12.  12. 


8.16  5.28  48  4.8 

4.  4.  4.  4. 


9.40 

12. 

4.8 

4- 

.64  .     I.I2  3.2  3.2 

Exam,  q.  The  Fra£lfon  being  multiplied  by  20,  cut  off 
three  Fra^ions  in  the  Produdt,  there  being  fo  many  in  the 
Multiplicand,  and  the  4  Integep  are  4  Shillings :  I'he  Fra^ion 
.68  is  the  Fraftion  of  a  Shilling,  multiply  it  therefore  by  I2, 
the  Pence  in  a  Shilling  j  now  cut  off  but  two  f>a6lions  in  the 
Product,  the  Cypher  to  the  right  Hand  of  the  Fra(£iion  being 
dropped,  and  the  8  in  the  Integers  is  8  Pence :  The  Fraftion 
.16  being  the  Fraftibn  of  a  renny,  multiply  it  by  4,  the 
Farthings  in  a  "Penny  ;  then  cut  off  two  Fra£Hons,  and  we 
have  no  Integers:  Whence  the  Value  of  .234  of  a  Pound 
is  4^.  8^.  the  Fraction  «64  of  a  Farthing  may  be  neglected. 
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By  the  (ame  Operttion^  the  Anrwcr  to  the  tenth  £xampfe 
is  found  to  be  lU.  54^.  -^j  the  FraAibn  .12  of  a  Farthing 
beiog  neg}eAed.  The  AnfWer  to  the  eleventh  Example  ia 
9  J.  4i.  •!;  the  Fradion  .a  of  a  Farthing  being  negfedted* 
And  the  Anfwer  to  the  twelfth  Example  is  15/,  ^i.  f. 

Exam.  13.        Exam.  14.         Exam.  15.         Exam.  r6. 

Of  .474  Of  .043  Of  .049       ,    Of  .003 

20.  20.  20. 


9,480  o.86o  0*980       V      o.o6o 

12.  12.  12.  12. 


5.76  10.32  11.76  0.72 

4.  4.  4«  4« 


3.04  1.28  3.04  2.88 

Anf.  9;.  $d.  \.     Anf.  lod.  ^     Anf.  lii.  ^       Aii£  i. 

To  find  the  Value  of  the  following  FraAions  of  a  Yard. 

Exam.  17.  Exsm.  18.        Exam.  19.  Exam.  20« 

Of  .45  Of  .79  Of  .175  Of  .236 


1-35  2.37  .525  .708 

12.  12.  12.  12. 


4.20  '      4.44  6.300  8.496 

4-  4-  4- 

M«i^»-i«MiM  mmmmm'mmmf  mmmmmmmmmm^ 

X.76  1.2  1.984 

'  Exam,  17.  This  being  the^Fra&ion  of  a  Yard,  multrply 
It  by  3,  tbe  Feet  in  a  Yard.;  then  cut  ofF  the  Fradions^  and 
we  have  i  Poor,  and  .35  of  a  Foot :  Multiply  the  .35  by  12, 
the  Inches  in  a  Foot ;  then  cut  off  the  Fradions,  and  we  have 
4  Inches :  So  is  x  Foot,  4  Inches  and  .2  the  cxa£fc  Value  of 
•45  of  a  F6ot. 

^  In  the  fame  Manner  are  the  Feet  and  Inches  found  in  tbe 
eighteenth  Example  \  but,  there  being  a  remaining  FraAion 
of  .44  of  an  Inch,    to  |et  your  Value  nearer  the  Truth, 

multiply 
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fnuhiply  iC  h^  4,  the  Quarters  in  an  Inch ;  then,  n^leding 
the  reaaining  FraAion,  .76  of  the  Quarter  of  an  Inch,  the 
Anfwer  is  2  Feet,  4  Inches,  and  i  Quarter  of  an  Inch*  tn 
tk  (ame  Manner  are  found  the  Anfwto  to  the  nilieteenth  and 
tipventieth  Examples,  the  fbrmer  being  6  Inchei  and  i  Quarter^ 
and  the  latter  8  Inches  and  i  Quarter. 

And,  to  find  the  Value  of  any  Decimal  Fradion,  it  is  only 
to  multiply  it  by  the  leveral  Denominations  which  compofe  the 
integers  of  which  the  Decimal  is  a  Fradion,  beginning  with 
the  higheft  Denomination  next  the  Integer,  and  reckon 
tbefe  federal  Multipliers  as  whole  Numbers;  then  mark  ofF 
the  Quotient  according  to  Art*  42  ;  and  the  Integers  fo  found 
will  be  the  Value  of  the  Fra£tion  fought,  and  of  the  fame 
Denomination  rcfpedively  with  that  Number  by  which  the 
Fraidion  was  at  that  Time  multiph'ed. 

To  fhew  the  Reader,  that,  tho*  Fradlions  are  charrged  from 
Vulgar  to  Decimal,  yet  they  are  of  the  fame  Value,  let  us 
take  the  Vulgar  Fraiftton  ffj  of  a  Pound,  and  firidi  its  Value, 
by  Art  35  i  tHen  change  the  Vulgar  Fradion  into  a  Decimal, 
by  Art.  46,  and  find  the  Value  of  this  Decimal  Fra£lion,  by 
Art.  47,  which  will  be  the  fame  with  the  Value  before  founds 

687        960)687. o(.7 1 5625      •715625 

20  6720  20. 


9610)137410(14;.        *  1500        •     J.  I4.I125OO 
96  960  12. 


^m 


414  S400         rf.  37500 

384  4800  4.  , 


30  6ocd        f.  3.0a 

12  5^60 


9*)3^o(3A  ^400 

288  tgzo 


^^  4800 

4  4800 


^)^88(J 
288 
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By  this  Oi)eration,  it  appears  that  |^  of  a  Pound,  or 
.715625,  the  Decimal  into  which  it  is 'cfafiuiged,  are  both  <^ 
the  fame  Value,  that  is,  14 /•  3^.  \. 

Suppofe  I-  of  a  Pound  Sterling  was  given  to  find  its  Value 
,a3  a  Vulgar  f  radion,  and  then  to  reduce  it  to  a  Dcctoial  Frac« 
tion,  and  find  its  Vsdue  when  in 


7  9)7-0 

ao  — — 


777777 


9)  140  ( 15 /•  20. 

9  •*— ^ 

'•  15-555540 

50  12. 

45  . 


d.  6.66648 
5  4* 

12 


9)6o(6i. 
54 


f  •  2.66592 


6 

4 


9)24(2?. 
j8 


BjT  this  Operation,  jt  appears  that  ^  being  reduced  to  a 
Deciqial,  is  .777777  continually:  I  continued  the  Divifioa 
at  Pleafure,  by  fupplying  in  my  Mind  the  Dividend  with 
Cypben:  And,  as  the  Divifion  will  never  end,  we  cannot 
have  the  exa£l  Value  of  j.  in  Decimals ;  but,  tho'  we  cannot 
have  its  exad  Value,  yet  we  have  the  fame  Value  in  Mon^, 
15X.  6^.  4*  ^  in  Vulgar  FraAions ;  and  the  Error  only  aflFeOs 
the  Remainder  .66592,  which  is  fomething  too  little.  In  the 
fiime  Manner  the  Reader  may  try  any  other  Cafe,  for  his  own 
Information. 

The  Operation  of  changing  Vulgar  Fractions  into  Decimab' 
is  the  fame  as  the  common  Rule  of  Three :  Thus,  to  reduce  ^ 
to  a  Decimal :  As  9  the  Denominator  is  to  7  the  Numerator, 
fo  is  10,  or   IOC,  or  1000,  or  loooo   (according  to  the 

Number 
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Num&er  of  Places  yo\i  would  have  in  the  Fr&dton)  to  the 
Decimal  fought. 

If  the  Reader  thinks  proper,  he  may  omit  the  following 
Method  of  finding  the  Value  of  a  Decimal  FraAion,  and 
proceed  to  the  next  Article. 

But,  in  the  FraAion  of  a  Pound  Sterling,  and  in  Foot* 
Meafure,  there  is  a  much  readier  Way  to»  £tnd  their  Value 
tlian  by  the  common  Method  of  RcduAion :  Thus,  in  the 
Fr&Aion  of  a  Pound,  the  firft  Figure  next  the  Dot  being  doubled 
is  Shillings :  And^  if  the  fecond  Figure  is  lefs  than  5,  reckon 
chat  and  the  next  as  fb  many  Farthings ;  only,  if  they  are 
more  than  13,  abate  i,  or,  more  than  38,  abate  2 :  And  the 
Farthings  thus  found,  being  added  to  the  Shillings  before  found, 
will  be  the  Value  of  the  Decimal  Fradion. 

But,  if  the  fecond  Figure  (hould  be  more  than  5,  then  take 
c  from  it,  for  which  add  i  Shilling  to  the  Shillings  before 
round :  And  5  being  taken  from  the  fecond  Figure,  to  the 
Remainder,  if  there  is  any,  join  the  third  Figure,  and  reckon 
them  as  Farthings  ;  if  they  are  above  13,  abate  i,  or,  if  above 
38,  abate  2,  as  bdbre :  And  the  Farthings  thus  found,  being 
added  to  the  Shillings  before  foimd,  will  t^  tbe  Value,  of  tiiQ 
Decimal  Fra£tion. 

If  the  Fradion  is  of  four  Places,  the  Value  may  be  afcer- 
tained  a  fmall  Matter  nearer,  by  taking  in  the  fourth  Figure ; 
but,  as  this  is  not  fo  neceflary  to  my  prefent  Pefign,  I  fhall 
omit  it,  and  proceed  to  Examples,  to  illuftrate  what  has 
been  &id. 

The  Value  of  .2  of  a  Pound  is  4  r. 

The  Value  of  .5  of  a  Pound  is- 10  j« 

The  Value  of  7  of  a  Pound  is  14  x. 

The  Value  of  .9  of  a  Pound  is  iSf.  this  being  no  more  but 
to  double  the  firft  Figure. 

The  Value  of  .25  of  a  Pound  is  5/.  For  the  2  being  doubled 
is  4/.  and  tbe  fecond  Figure  being  a  5  is  i.s.  and  this 
being  added  to  the  4X.  it  makes  5  /.  for  the  Value  of  .25 
of  a  Pound, 

The  Value  of  .45  of  a  Pound  is  9/.  For  the  4  being  doubled 
is  is.  to  which  adding  i  for  the  5,  it  makes  91. 

The  Value  of  .75  of  a  Pound  is  15X. 

And  the  Value  of  .95  of  a  Pound  is  19/. 

The  Value  of  .412  of  a  Pound  is  8x.  3//.^  ^ot  X\^  4  belos 
doubled  is  8r.  then,  the  fecond  Figure  being  under  5,  and 
the  Iccond  and  thhpd  Figures  being  le&  tljAn  13,  the  12  are 

M  2  reckoned 
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reckoned  is  Farthings,  which  is  3^,  'Whence  thf  Value  k 

The  Value  of  ,519  of  a  Pound  is  los.  ^d*  i :  For  the  5 
being  doubled  is  10  s.  then  ^bate  i  from  the  19,  and  therp 
remains    j8,    which  are  Farthings:    Whenq«  thf  Val^B  it 

10 s.  a4'  \- 

The  Value  of  .741  of  a  Pound  is  14/.  qd^  ^:  For  the 
7  being  doubled  is  145.  then  from  the  41  abat«  %y  and  there 
remains  39,  which  are  Farthings:  So  that  the  Value  ia 
US.  g,d.  i. 

The  VaJvie  of  .561  of  a  Pound  is  lu.  24.  ^  :  For  the  5 
being  doubled  is  10  s,  then,  the  fecond  Figure  ^ng  aaore 
than  5,  ftibtrad  5  from  ir,  for  which  add  i  to  the  Shil- 
lings ;  and,  when  5  is  taken  from  the  6,  there  remains  i  ; 
to  wl^ic^  join  the  third  Pigure,  i,  and  it  makes  xi,  which 
%re  Farthings:    Hence  the  Value  Is  lis.  zd.  ^. 

To  find  the  Value  of  .785  of  a  Pound  :  The  7  bkeing  doubled 
is  J4J.  then  fubtrad  5  from  the  8,  and  for  ic  add  i  ta 
the  ShiJ^ings ;  and,  5  being  fuhtraSed  from  the  8,  there  re- 
mains  3  ;  to  which  jojning  the  third  Figure,  5,  it  makea 
35,  from  which  abate'  i,  and  there  remains  34,  which  are 
Farthings  :   Whence  the  Value  is  155.  id.  4» 

To  find  the  Value  of  .895  of  a  Pound :  The  8  being  doubled 
18  |6r,  theri.  fubtracft  5  (rom  the  9,  for  which  add  i  to 
the  Shillings ;  and,  5  being  fubtradled  from  the  9,  there  se» 
mains  4i«to  which  joining  the  third  Figure,  5,  it  makes 
45,  from  which  abate  2,  and  there  remains  43,  which  are 
Farthings  :  So  that  the  Value  is  17  r.  10 d»  ^. 

If  the  Reader  has  an  IncJinatiop  to  fee  haw  ne^r  thefe,  or 
eny  other  Conclufions .  of  this  Sort,  come  to  the  Truth,  he 
may  find  the  Value  of  the  Decimal  Fra^ioa  by  th^  former 
Part  of  this  Article, 

And,  in  the  Fradion  of  a  Foot,  if  the  $rft  Figure  is  under 
|,  reckon  the  two  firfl  Figures  as  Half-Quarters  of  ajti  Inch, 
^bating  X,  if  they  are  above  13^  or  2,  if  they  s^re  OK>re  tbau 
38  :  But,  if  the  firft  Figgre  (hould  be  above  ^,  fubtra^  5  fi-om 
u>  and  for  .the  5  reckon  6  Inches  ;  then,  to  what  remains  of 
1^  firft  Figure  after  the  5  is  fubtra^^,  join  the  fpconi  Figure, 
and  reckon  thefe  as  Half-Quarters  of  an  Inch  i  only,  if  they 
are^bove  13,  s^b^te  i»  01;,  if  above  38,  abate  2,  as  in  the 
Cafe  of  Farthings, 

Thus,  .12  of  a  Foot  is  {2  {i^lf-Qkiartei)^  of  lAcb>  or 
I  loch  and  an  Hiif^ 
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.  .95  of^  Foot  U  a4  Half-Qyartcri  of  an  In^,  er  3  InclMi 
For,  from  the  %$  a^bfting.  i»  there  r^maint  24»  which  are 
Half-Quarter^. 

.45  of  a  Foot  IS  47  Half-Quarters  of  an  Inch  :  For,  from 
the  45  abating  2,  there  remains  43,  which  are  Half- 
Quartern,  that  is,  5  Inches  and  3  Half- Quarters. 

.65  of  a  Foot  is  -J  Inches  and  6  Half-Quartgrs  :  For,  fub- 
tradting  5  from  the  6,  there  remains  i,  to  which  joining 
the  5,  it  is  15 :  Now,  for  the  5  fubtraded  reckon  6 
Incba;  then  from  the  15  abate  i,  and  the  remaining  14 
are  Half-Quarters,  or  1  Inch  and  6  Half-Quarters ;  which^ 
being  added  to  the  6  Inches,  makes  7  Inches  and  6  Half- 
Quarters, 

•75  of  a  Fo6t  is  Q  Inches:  For,  fubtradJing  5  from  the 
7,  there  remains  2,  to  which  joining  the  5,  it  makes 
^5  :  Now  for  the  5  fubtracfted  reckon  6  Inches  ;  then  from 
the  25  abate  i,  ^and  the  remaining  24  are  Half- Quarters, 
or  3  Inches  \  which,  being  added  to  the  6  Inches,  makes 
9  Inches. 

.94  of  a  Foot  is  II  Inches  and  2  Half-Quarters :  For,  fub- 
traAmg  5  from  the  9,  there  remains  4,  to  which  join 
the  4,  and  it  is  44:  Now  for  the  5  fubtraded,  reckon  6 
Inches ;  then  from  the  44  abate  2,  and  the  remaining  42 
arc  Half.Quarters,  or  5  Inches  and  2  Hal^Quarters ;  which, 
being  added  to  the  6  Inches,  makes  11  Inches  arid  2  Half- 
Quarters  or'i  Q<jarter. 

The  Reader  may  try  the  Accuracy  of  thefe  Condyfion^  ^ 
finding  the  Value  of  the  Decimal  Fraction,  by  the  foroier  Part 
of  this  Article.  If  the  Fradion  had  confiftcd  of  three  Places, 
and  the  third  Figure  wzs  above  5,  in  fome  Inflanqes  the 
Value  of  fuch  Fra^ion  may  be  more  accurately  determined  by 
taking  the  third  Place  of  Fradtions  into  Confideration. 

Jnicti^i.  To  reduce  the  Parts  of  Coin,  Weights,  Meafures, 
He.  into  Decimals. 

Rule,  Set  down  for  a  Dividend  the  given  Parts,  if  they 
are  of  one  Denomination,  or,  if  they  are  of  feveral,  reduce 
them  to  the  leaft  Denomination  ;  to  this  annex  Cyphers, 
marked  as  Fraftions  ;  and  then  divide  it  by  that  Number 
which  makes  up  the  Integer,  and  is  of  the  fame  Denomination 
with  the  Dividend,  by  Art.  44  \  and  the  Quotient  is  the 
Decimal  fought. 

Exam.  i« 
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$Mam.  I.  Reduce  17/.  to  the    Exam.  2.  Reduce  js.  gd.  ta 
Decimal  of  a  Pound*  the  Decimal  of  a  Pound, 


%0  )  17.00  (  85 
160     ^ 


100 
100 


7x.  gj. 

12 

240)  93.0000  (.3875 
720  ' '  •• 


^ 


2100 
1920 


J  800 
1680 


J  200 
1200 


Mxam.  I.  This  being  only  Shillings,  I  annex  Cyphers,  and 
then  divide  )fy  20,  the  Shillings  in  a  Pound :  The  Quotient 
•85  is  the  Decimal  fought. 

Exam»  2.  This  being  Shillings  and  Peace,  thev  muft  firft 
be  redoced  to  Pence  \  to  which  annex  Cyphers,  ami  then  divide 
by  240,  the  Pence  in  a  Pound:  The  Q!>o^icii(  '3^75  ^  ^ 
Decimal  fought. 

Exam.  3*  Reduce  2^.  7  to  the    Exam,  4.  Reduce  3  ^  Inches. 
Decimal  of  a  Pound.  to  the  Decimal  oi  a  Foot. 


960)  9.000000  ( .009375 
8640  •  •  • 

3600 
2880 


48)  15.0000  {.312s 
144  ••• 

60 
48 


7200 
6720 

4800 
4800 


120 

96 


■■■ 


240 
240 


o 
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Exam.  2.  This  being  Pence  and  Farthings,  it  aiuft  be 
reduced  to  Farthings  i  then,  after  the  Cyphers  are  annexed, 
divide  by  960,  the  Farthings  in  a  Pound. 

Exam.  4.  Reduce  this  to  1 5  Quarters  of  an  Inch,  and  then 
divide  by  48,  the  Quarters  of  an  Inch  in  a  Foot. 

Exam.  5*  Exam.  6. 

Reduce  qms.  ^dwt$.  Troy,  to  ^Reduce  12  Drachms  to  theDe- 
the  Decimal  of  a  Pound. '       cimal  of  a  Pound  A  voirdupoize. 

qo%.  ^dwu.  256)  12.000000^.046875 

'20  ,1024 


•  • « 


^40)  184.00,0  (  .766,  tSc.  i;6o 

1680  •  •'  1536 


1600  2240 

1440  2048 


1600  1920 

1440  1792 


160  1280 

1280 


Thefe  Examples  are  done  in  the  fame  Manner :  There  being 
240  Pennyweights  in  a  Pound  Troy.»  the  fifth  Example  is 
divided  by  that  Number  ;  where,  the  Remainder  being  always 
the  fame,  the  Quotient  Figure  would  be  6,  if  the  Divifion  was 
continued:  And,  in  the  fix:h  Example,  the  12  Drachms 
^re  divided  by  256,  the  Number  of  Drachms  in  a  Pound 
.  Avoirdupoize. 

In  the  Parts  of  a  Pound  Sterling  the  Decimal  may  be  found 
without  Divifion,  as  follows,  vi%,  in  the  Parrs  of  a  Pound, 
for  vitxj  two  Shillings  put  a  i  in  the  Tenth's  Place  next  the 
Dot  I  for  one  Shilling  put  a  5  in  the  (econd  Place  of  Decimals ; 
and  for  fix  Pence  put  a  2  in  the  fecond  Place  and  a  5  in  the 
third  Place  of  Decimals:  As  to  any  leis  Quantity,  reduce  it 
to  Farthings,  and  place  the  Number  of  Farthings  in  the  fecond 
and  third  Places  of  Decimals,  if  they  are  more  than  lo,  other* 
vi'ik  in  the  third  Place  only,  obierving  to  add  x  to  them,  if  they 
are  more  than  three  Pence. 

Exam.  J 
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Exam.  I.  Exam,  2.  Exam.  3. 

Reduce  161.  7^-7  Reduce  13X.  4^.  to  Reduce  gj*  9^.  4 

to  a  Decimal.  a  Decimal.  to  a  Diecimal. 

16  J.  is  .8  12  J.  is  .6  8  J.  is  .4 

6^.  is  .025  IS,  is  .05  I  J.  is  .05 

7  J.  is  .007  4i/.  is  .017  6^.  is  ,025 

■  - — --^  ^d,  fs  .0125 

.83a  J667  3f.  is  .063 


4905 


It  may  be  obferved,  in  Example  2,  that,  for  four  Pence, 
which  is  iixteen  Farthings,  I  fet  down  17,  hitaufe  it  is  more 
than  three  Pence. 

In  the  fame  Manner  may  the  Parts  of  any  Integer  be  re- 
duced to  a  Decimal  with  little  Trouble,  by  obferving,  that  .5 
is  the  Half  of  any  Integer,  .25  the  Quarter,  .125  the  Eighth, 
and  fo  on :  But,  as  this  Way.  is  not  quite  exa<d  in  fome 
Inftances,  I  would  recommend  it  to  the  Reader  to  proceed  by 
the  ufual  Method  of  dividing  the  Numerator  by  the  Denomi- 
nator, in  order  to  reduce  a  Vulgar  FraSion  to  a  Decimal. 


To  extraSi  the  Square  Root  of  any  Number. 

BEFORE  we.  inftru£t  the  Learner  to  extrad  the  Square 
Root,  it  will  be  proper  to  explain  what  is  meant  by  a 
Square  Number,  and  what  by  the  Root  of  fuch  Square. 
That  Number  is  called  a  Square  which  is  produced  by  multi- 
plying any  Number  into  itfelf :  Thus,  if  a  6  be  multiplied  by 
itfelf,  the  Product  is  36,  which  is  therefore  a  Square  Number  ; 
and  6  is  called  the  Root  or  Square  Root  of  36,  becacffe  6 
times  6  is  36  :  In  the  fame  Manner,  9  is  a  Square,  the  Root 
of  which  is  3,  for  3  times  3  is  9  :  So  is  16  a  Square  Number^ 
whofe  Root  is  4/ 

If  a  Piece^of  Board,  Stone,  or  any  other«^Matter,  be  cut 
exactly  fquare,  and  each  Side  is  four  Inches,  then  is  the  Arei 
or  Content  fixteen  Inches;  that  j%  there  will  be  iixteen  fquard 
fuperficial  Inches  in  the  Board^.as  may  be  feen  by  the  follow- 
ing Figure. 


EairaSm  of  (be  Square  kecf. 


89 


Mil 

• 

1 

1 

' 

£adi  Side  being  divided  into  four  Parts,  and  Lines  drawn 
from  thofe  Divifioiu,  the  whole  Square  will  be  divided  into 
(ixteen  little  Squares :  From  whence  it  appears,  that  the  Square 
Root  of  any  Number  is  the  Length  of  the  Sid^  of  a  Square* 
whofe  Area,  or  fuperficial  Content,  is  equal  to  the  given 
Square  Number, 

If  any  Square  Number  is  multiplied  by  its  Root,  the  Pro* 
iuiSt  is  called  the  Cube ;  which  is  the  Content  of  a  Solid, 
whofe  Length,  Breadth,  and  Thicknefs  are  equal  to  the  Root, 
Thus,  if  a  Piece  of  Timber  was  cut  exadly  cubical,  each 
Side  being  four  Inches,  the  Content  o\  the  Cube  would  be 
Sxty.four  Inches,  fixty-fouf  being  tji?  Cube  of  four ;  wb'ch 
four  Inches  are  the  Length,  Breadtn,  ind  Thicknefs,  or  Depth 
of  the  Piece, 

Thus  having  explained  .^hat  a  Square  and  a  Cube  are,  I 
ihall  next  give  the  Squares  and  Cubes  of  all  the  nine  D  gits, 
in  the  folllowing  TaWe^ 

A  Tabk  9fthe  Squares  and  Cubes  of  the  nine  Digits. 


Roots. 

1 

I 

2 

3 

4 

5 

6 

7 

8 
64 

9 
81 

Squares. 

• 

I 

4 

9 

16 

25 

36 

49 

Cubes. 

I 

8 

27. 

64 

125 

216 

3^1 

512 

72q 

In  the  upper  Row  are  placed  the  nine  Digits,  under  each  of 
which  are  placed  their  refpeciive  Squares  and  Cubes  ;  therefore, 
when  the  Square  or  Cube  of  any  Number  under  10  is  required, 
they  may  be  found  in  this  Table  by  Infpeflion:  Thus,  the 
Square  of  5  is  25,  and  of  7  is  49  :  The  Cube  of  6  is  2 1 6,  and 
the  Cube  of  9  is  729  \  and  fo  of  the  reft;     And,  in  the  fame 

N  Manner, 
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Manner^  if  the  Roots  of  any  of  the  Squares  in  the  Tabk  are 
required,  they  are  found  the  (Smie  Way :  But,  in  Cafe  tbe 
Square  Root  of  anv  Number  Hot  to  be  Sound  in  the  Line  of 
Squares  in  the  Table  fe  required,  ihb  muft  be  done  by  the 
following  Method.  s 

JrticU  49*  When  a  Number  is  given  for  the  Square  Root 
to  be  excn^ed,  place  a  Dot  tfrer  the  Units  Place  i  then, 
miiSng  one  Figure,  put  another  Dot  over  the  third  Figure,  or 
Place  of  Hundreds ;  and  thus  continue  to  put  a  Dot  over  every 
other  Figure  to  the  End  s  and>  as  many  Dots  as  are  ibus 
placed  over  tbe  Number,  qi  to  many  Figures  will  the  Roof 
confift. 

Exam.  I.  Extraft  the  Square  Root  of  61504. 

■ 

This  Number  being  dotted  as  above  diredcd,  it  appears^' 
that  the  Root  confifts  of  three  Figures  or  Places :  To  nnd.  tbe 
firft  of  the  three,  look  in  the  foregoing  Tabl^  in  the  middle 
Row,  or  Row  of  Squares,  lor  the  Number  pertaining  to  the 
firft  Dot  to  the  left  Hand,  which  in  this  Example  is  6 ;  if  k 
is  not  there,  take  the  next  kfi  Square,  which  in  this  Cafe 
is  4,  whole  Root  is  2  $  now  draw  a  crooked  Line  to  the 
right  Hand  of  the  Figures,  and  ptsoe  tbe  Root  2  as  a  Quotient 
in  Divifion ;  then  put  4,  the  Square  of  2,  under  the  6,  and 
fubtraft  it,  letting  down  a,  tbe  Remainder,  underneath,  as  ia 
Divifion :  Then  take  down  the  two  Figures  pertaining  to  the 
next  Dotji  viz,  15,  and  annex  them  to  the  2  that  remained, 
and  this  is  called  the  Refolvend  ;  now  draw  a  crooked  Line  to 
the  left  Hand  of  the  Refolvend,  and  double  the  Root  m  the 
Quotient  for  a  Divifor ;  then  place  this  Divifor  to  the  left  of 
the  crooked  Line,  leaving  Room  fufficient  for  another  Fiflure 
IP  be  put  betwixt  that  and  the  crooked  Line :  Then  the  Work 
will  fbnd  thus. 


•   • 


61504  (2 
4 


4  )  215 

Then  find  how  many  times  the  Divifor  4  can  be  had  in 
215  the  Refolvend,  (but  with  this  Reftridion,  that  the 
Figure  expreffing  the  Number  of  times  it  may  be  had  being 
placed  to  the  right  Hand  of  the  4,  to  make  the  Divifor  com* 

pletc^ 


r 
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pfete»  and  mttkiplied  by  the  iame  Figure  in  the  Root,  may  not 
exceed  the  Refidvend)  aod*  I  find  it  will  be  4  times ;  fct  down 
4  in  the  Root*  and  sdlb  in  the  Diviibr ;  then  multiplying  44^ 
this  incKafed  Diviror»  by  the  4  laft  placed  in  the  Root,  the 
ProduA  176  muft  be  placed  under  the  Refolvend  215,  and 
liil»liaAed  ftoni  it :  To  the  Remainder  39  bring  down  the 
next  Square,  that  is^  (be  laft  two  Figures2#  thus, 

61504  { 24 


44)  aiS 

176 


3904 

Diaw  a  crooked  Line  before  39041  tbp  new  Reiblvead,  and 
double  24,  the  Ftgiirea  ia  the  Root,  and  place  them  as  a 
Divifori  then  find  how  many  times  the  Divifor  48  can  be 
bad  in  3904,  (but  witk  the  ftme  ReftriAion  as  before,  that 
the  Number  of  timea  it  may  he  had,  being  placed  to  the  rieht 
Hand  of  the  49,  4b  make  the  Divifor  complete,  and  muiti* 

Slied  by  the  fame  Figure  in  the  Root,  may  ix>t  exceed  the 
Lefohrend)  which  is  f  times ;  fet  down  8  in  the  Root,  and 
alio  in  the  I>ivifi>r ;  then  multiplying  488,  the  Divifor  thus 
increafed,  by  the  8  laft  placed  in  the  Root,  the'  Produfi  i& 
3904,  which  being  fubtraAed,  there  remains  o :  Therefore 
348  is  the  true  Root  fought,  The  whole  Operation  is  as 
follows  : 


•   *   • 


61504  (248  R»oot^  248  R0ot« 

4  ^48  • 


f^mm 


44)  215  *9*4 

992 


176 


488)  3904 


496 


Mh 


3904  61JO4  Proof. 


The  Way  to  prove  if  w  Work  is  right,  is,  to  multiply 
the  Root  into  itfelf :  Thus  248,  b:ing  multiplied  by  icfelf, 
produces  61504,  the  given  Numbei;^ 

N  2  Exam. 
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Sxam.  2.  ExtraQibe  Square  Root  of  $6^44.  i* 

4 


^im 


4)  x66 

In  th?s  Example,  the  (irft  Square  Is  5,  and  the  next  le& 
Number  in  the  Line  of  Squares  in  the  table  is  4,  whofe> 
Root  2  muft  be  placed  in  the  Root,  and  its  Square  4  under 
the  5  I  then  fuhtrad,  and  there  remains  i  ;  to  which  bring 
dawn  the  next  Period  66,  as  taught  in  the  former  Example : 
Double  the  Root  2  for  a  Divifor,  and  place  4  its  Double  ta 
the  left  of  the  crooked  Line  ;  thefi  alk  hOw  many  times  4  the 
Di'^ifor  oan  be  liad  in  166,  (but  with  the  fame  Refttidion  as 
before,  that  the  Number  of  times  it  may  be  had,  being  placed 
to  the  right  Hand  of  the  4,  tO  msike  the  Divifor  completeit 
and  multiplied  by  the  fame  Figure  in  the  Rpot,  may  t\ot 
exceed  the  Refolvend)  and  I  find  it  will  be  3  times  ;  then« 
putting  3  in  the  Root,  and  alfo  in  the  Diyifor,  multiply '43f 
the  increafed  Divifor,  by  3>  and  the  ProduA  is  I2^|  whidi 
place  upder  the  B^efolveod^  and  fubtnid  as  be^ore^ 


< .  4 


56644  (aj 

4 


43)  »66 
129 


*'*• 


46)  3744 

Thus  having  taken  down  the  laft  Period  44,  and  placed  it 
'cthe  right  of  37  the  Remainder,  the  Refolvend  is  37441 
and  23,  the  Figures  in  the  Root,  being  doubled  for  a  Divifor, 
is  46,  which  is  placed  to  the  left  of  the  crooked  Line :  Now 
inquire  how  often  46  can  be  had  in  3744,  (under  the  (kme 
Rcftridioti  a<i  before,  that,  the  Figure  being  placed  in  the 
Roor,  and  to  the  ri^ht  Hand  of  the  Divifor,  and  multiplying 
the  increafcd  Divifor  by  the  Figure  in  the  Root^  it  may  not 
exceed  the  Refelvend)  and  I  find  it  will  be  8  times ;  place  3  in 
the  Root,  and  alfo  on  the  right  Hand  of  the  Divifor,  betwixt 
that  and  the  crooked  Line  :  Laftly,  multiply  468,  the  Divifor 
thus  increafed,  by  8,  the  Figure  laft  placed  in  the  Root,  and 
the  Product  is  3744  i  then  fubtrad,  and  there  remains  0  : 
Therefore  238  is  the  truQ  Rwoc  of  the  ^iven  Number,  a$ 
appears  by  the  Work, 


BclraSion  cf  the  Sfuars  Rooh  9^ 


«  ♦ 


56644  {238  238  Root. 

4  238 


43)  "66  1904 

129  714 

■'    I  476 

468)  3744 


3744  56644  Proof. 

<«■■■■■>  ■  ■ 

o 

Exam.  3.  Exam.  4, 

Extraft  the  Square  Root  of       Extraft  the  Square  Root  of 

18769  (137  207936  (456 

I  .16 


n)  87  85)  479 

69  4^5 


167)  1869  906)  5436 

1869  5436 


iW— • 


Thefe  two  {Examples  are  done  in  the  fame  Manner  as  the 
former ;  only  it  is  to  be  obferved»  that,  the  fourth  Example 
confifting  of  fix  Figures,  the  Dot  does  not  fall  on  the  laft 
Figure  to  the  left  Hand ;  therefore,  the  firft  Period  is  20, 
whofe  next  left  Square  in  the  Table  is  16,  the  Square  of  4. 

Exam.  5.  Extraft  the  Square  Root  -g^ 

of  346921"  (589  ^   589   ^ 


5301 


JO8)   969  47,2 

864  2945 


1169)10521  346921  Proof. 

10521  ^ 


Exam.  5. 


f 
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Exam.  5.  The  firft  Sqinra  ti  94,  and  tbe imct  leftSqiweiB 
the  Table  it  as*  wiwie  Root  u  5  {  thoefore  put  15  uider 
34,  and  lubtna  i  alfo  put  5  io  the  Root*  ao4  pracMd  at  in 
the  former  Examples.  , 


'Exam,  6.  Extrad  the  Square  Root 

of  16459*49  (4057 
16 


80s)  459a 
4015 


8107)  56749 
56749 


4«J7 
40J7 


«» 


*8J99 


20ft 

162280 


(6459249  Pfoo£ 


•■*«l 


ii« 


Exam.  7.  Extnft  the  Square  Root 
of  9579025  (3095 
9 

.  609)5790 
5481 


6185)  30925 
30925 


309s 
309s 


1547s 
27855 

92850 

9579025  troof* 


Exam.  6.  The  firft  Square  being  16^  and  that  being  kroxA 
exadly  in  the  Table,  when  it  is  fubtraded,  nothing  remains » 
fo  that  the  Refolvenci  will  be  only  45,  the  next  Period  : 
When,  therefore,  the  Root  4  is  doublol  for  a  Divilbr,  it 
cannot  be  had  in  45  (under  the  Reftri<£lion  as  in  the  other 
Examples) ;  therefore,  as  the  Divifor  cannot  be  bad,  fet  dowii 
a  Cypher  in  the  Root,  and  alfe  to  the  right  Hand  i^f  8  the 
Divifor:  Then  bring  down  the  next  Period,  which  is  92^ 
and  afk  how  many  times  80,  the  Double  of  the  Root,  can  be 
had  in  4592,  (with  the  fame  Reftridtion  as  before)  and  the 
Anfwer  is  5  tinies ;  place  5  in  the  Root,  and  aUb  to  the  right 
Hand  of  the  Divifor  j  then  multiply  805,  the  mcreaied  Di- 
vifor, by  5,  the  Figures  laft  piac«l  in  the  Root,  and  proceed 
as  before* 

The  feventh  Example  is  done  in  the  fame  Manner, 


fytnf^iM  6/  the  Sfior^  Rortp 


95 


Emm.  & 

Extrad  tbeSipitre 
Root  of  129. 


Extnid  the  Square 
Root  c^  540. 


Exam.  10. 

ExtraA  the  Square 
Root  of  457.2459. 


The  Numben  in  the  eighth  and  ninth  Examples  not  being 
Square  Ntmabcra  (for  there  will  be  a  Remainder  after  the  Root 
IS  cxtraAed)  in  (Mpder  to  obtain  the  Root  near  the  Truth,  it 
is  neceflkry  to  annex  Cyphers  for  decimal  Places ;  obferving, 
that,  as  many  decimal  rlaces  as  are  required  in  the  Root,  fo 
niany  Pain  erf  Cyphers  muft  be  annexed  to  the  Number ; 
therefere,  let  the  R(k>t  be  required  in  each  Example  to  two 
Places  of  Decimals,  then  there  muft  be  four  Cyphers  annexed 
ID  each* 


129.0000(11.35 


«)29 
2Z 


223) 800 
669 


2265)  13100 


X775 


"•35 
"•35 


i*«a 


5*75 
3405 

"35 
"35 


mm*  >ii  I  mm 


129.8225 

•  177s 


129.0000  Proof. 


•  •  • 


540.0000  (23.23 
4 


43)»40 
129 


462}  I  too 
924 

4643) 17600 
13929 


wmm 


i««MM 


3671 


23.23 

23.23 
m ■■■■    1 

6969 
4646 
6969 
4646 


II     ^  PI     I 


539.6329 
•3671 

540.00Q0  Proof. 

U 
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•     •      •     • 


457-2^459  (^'-38  Sti.jS 

4  21.38 


41)57  17104 

41  6414 

— —  ,  2138 

423)  1624  4276 

X269 


457.1044 


4268)  35559  .1415 

34144 


457-^59 


1415 

In  thefe  Examples  the  Learner  may  fee,  by  the  Proois,  tint 
the  Root  comes  out  very  near  the  Ttuth,  the'  th^  Operation 
IS  carried  no  farther  than  to  two  Places  of  Decimals.  In  Cafes 
where  a  greater  Exaflnefs  is  required,  more  Pairs  of  Cyphers 
may  be  added,  to  bring  it  nearer  the  Truth ;  for  it  muft  be 
obferved,  that,  if  a  Number  is  not  a  true  Square,  (b  as  to. 
have  no  Remainder,  the  true  Root  of  fuch  Number  can't  be 
attained,  tho'  the  Operation  be  carried  to  ever  fo  great  a 
{jength.  The  Root  21.3$  of  the  tenth  Example,  being 
multiplied  by  ttfelf^  produces  457.I044. 

Or,  if  they  are  Integers  only  whofe  Square  Root  is  to  be 
extra^ed,  and,  after  all  the  Periods  are  taken  down,  there  is 
a  Remainder,  you  may  then  take  down  Pairs  of  Cyphers  at 
Pleafure,  and  fo  continue  the  Root  to  any  Number  of  Decimal 
Fractions  as  may  be  convenient. 

But,  if  a  mixed  Number  be  given  to  be  extracted,  and 
'  the  Places  of  Decimals  are  an  odd  Number,  as  three,  five,  CsTf ., 
there  muft  be  a  Cypher  annexed  to  the  right  Hand  of  the 
decimal  Places,  to  make  them  even :  The  firfl  Dot  in  the 
Integers  muft;  be  over  the  Units  Place ;  therefore,  it  is  bed 
to  begin  with  dotting  the  Units  Place,  and  then  proceed  to 
the  reft,  whether  forward  or  backward. 

Exam.  II.  Exam.  12.  Exam.  13. 

Extradj|he  Square    Extrad  the  Square    Extra£t  the  Square 
Root  of  7.24576.        Root  of  .56644.       Root  of  7487.441, 

In  each  of  thefe  Examples,  the  Number  of  decimal  Places 
are  odd  ;  therefore,  a  Cypher  mufl  be  added  to  each,  before 
the  Operation  is  begun  i  after  which,  it  is  the  fame  as  before. 

The 


oftieOOe 


97 


*      • 


7.245760(2.691 

4 


•     •     • 


•     •      •     • 


,S6644o(.7S2  .      7487«44io(86.53 


49 


64 


tai^M 


46)344 
276 


145)  764 


166)  1087 
996 


529)4857 
4761 


^mmm 


1502)3940 

3004 


'725)9144 
8625 


5381)9660 
538' 


936 


'7303)5»9io 
51909 


4279 


The  Prdof  6f  tbefe  laft  Ezainples  I  iuve  omitted ;  but  tfce 
Learner  nay  multiply  them  for  his  own  Improvement^  re> 
Jnembering  to  j4d  thfe  Remainder. 


Jm 


Art  $0,  To  extraSi  the  Cube  Root, 

TH  £  R  £  are  ftvefal  Methods  of  extnMftiiig  the  Cube 
Root :  The  Method  by  Contferging  Series  is  a  neat 
and  elegant  Manner  of  Approximation :  But  the  fbl* 
lowing  Rule  iippeais  to  me  the  heft  and  moft  convenient^  for 
the  prefent  Purpofe,  I  have  yet  feen^  and  for  which  I  am 
obliged  tb  Mr.  Tbemas  Triplet^  Teacher  of  the  Mathematics, 
at  Kikgften  \  .who  likewife  &voured  me  wijth  a  new  Method 
of  Crefs'Muhiplicatim^  which  will  be  explained  in  its  proper 
Place. 

Rule^  Place  a  Dot  over  the  Units  Place;  4hen,  miffing 
two  Figures,  put  another  Dot  over  the  Place  of  ThOufands  ; 
tod,  miffing  two  Figures  more,  put  a  Dot  over  the  Place  of 
Millions  i  continue  to  dot  every  third  Figure^  ai>d|  '^s  many 
Dou  as  are  thus  placed,  of  to  many  Figures  will  the  Root 
coiifift. 

Then  feek  in  the  Table,  Page  89,  for  a  Cube  Numbou  in  the 
bottom  Line,  the  next  lefs  to  the  firft  Cube  or  Period  of  the 
given  Number  on  the  left  Hand ;  fet  the  faid  Cube  Number 
under  the  firft  Period  of  the  given  Number,  and  its  Root  in 
the  Place  of  the  Root,  to  the  right  Hand  of  the  given  Number  ; 
lubtrading  the  Cube  from  the  firft  Period,  and  to  the  Re- 

O  maioder 
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mainder  bring  down  the  next  Period,  which  call  the  Rffihind^  « 
gnd  draw  a  Line  undsr  it. 
<  Now  fquare  the  Figure  in  the  Root,  and  multiply  it  bjr 
300,  putting  the  Produd  under  the  Reblvend  ;  then  multiply 
the  Figure  in  the  Root  by  30,  which  place  under  the  lalt 
ProduA;  and  the  Sum  of  thefi^  two  Produ£b  call  a  Dkrifor^ 
under*  which  draw  a  Line. 

Find  how  njany  times  this  Divifor  can  be  had  in  the  Re- 
folvend,  and  this  is  the  fecond  Figure  in  the  Root,  which 
place  in  the  Rgot. 

Multiply  this  laft  Figure  in  the  Root  by  itfelf,  and  place 
the  ProduA  under  the^  Divifor  ;  then  multiply  that  Part  of 
the  Divifor,  which  arifes  from  multiplying  the  former  Figure 
in  the  Root  by  30,  by  the  laft  Figure  in  the  Root,  and  put 
the  Produ£i  under  the  iaft  Prodti^^  und^r^thefe  pla^  the 
other  Part  of  the  Divifor,  and  add  them  together ;  and  mul* 
tiply  their  Sum  ^y  the  kft  Figure  in  the  Rpot^  caUin(  ^ 
Produ£l  the  Subtrabendy  and  fubtrad  it  from  t^  Refolvend. 

If  the  Root  is  only  to  confift  of  two  Places^  the  Operation 
is  finifhed,  as  in  the  following  Examples* 

Exam,  u  To  extraA  the  Cube  of  Root  15  625. 

25  625  (25  Root  Proof. 

8  25  Roqi. 


MS 


7625  Refolrend* 


as 


1 200  the  ProduA  of  the  Square  of  2  by  300.  50 

60  the  Produft  of  2  by  30.  .  — 

-r 625 

1260  Divifor.  25 


^ 

^ 


25  the  ProduA  of  5  by  5.  3125 

300  the  Produd  of  60  by  <•  1250 


1200  the  other  Part  of  the  jCMvifbr. 

15625  Cybe. 
1525 

5  the  laft  Figure  in  the  Root.  j| 


•i- » 


7625  Subtrahend. 


dkMM 


o  reoiains. 

The 


ExtroBion  wf  tbe  Cuii  RjM^  99 

The  firft  Period  in  the  given  Number  is  15 ;  and.  By  th 
T^hle  of  Cubes,  Page  89,  tbe  Cube  kfs  than  15  is  8|  which 
place  under  the  15,  and  2»  the  Cub6  Itoot  of  8,  in  the  Root, 
Tlie  Reader,  by  comparing  tbe  Diredions  with  tbe  Operation, 
will  find  it  very  eafy.  To  try  whether  25  is  the  exaA  Cube 
lloot  of  15625,  multiply  25  by  25,  and  this  PrdduA  again 
by  25  ;  this  1^  Produft  is  156259  therefore  the  true  Cub* 

Rootof  I5625is25• 
^;rtfm.  1.  t^tXTzSt  tht  Cube  Root  pT  43S976. 

438976  (76 
343 


95976  Refolvend, 


14700  ProduA  of  the  Square  0/  7  by  300. 
TO  Produft  of  7  by  30^ 

iIqio  Divifor,  , 

36  Produd  of  6  by  6. 
1260  ProduA  of  210  by  6. 
X4700  the  other  Part  of  the  Divifor. 


15996 

6  the  Figure  Uft  placed  innh^  Root. 


95976  Subtrahend, 
O  remains, 

M^am.  3.  Extra<a  the  Cube  Rpot  of  ^5^79. 

ao5379  (S9 
125 


80379  Refof vend, 
7500 

ISO 

7650  Divifor. 

81  Square  of  9t«* 
1350  Produd  of  ^50  by  9, 

7500 
893r 
9 


80379  Subtrahend, 
^        O  remains. 


O  2  fixam.j^. 
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Exam.  4.  fxtnua  the  Cube  Rqpt  of  1839974^ 

15399744  (264 
8 


10399  Refolvend. 

1200  Produ^  of  the  S^re  of  %  by  309* 
60  rroduft  of  2  by  30/  "    ' 


X260  Divlfon 


36  Square  of  6. 
360  Produ^  of  60  by  6. 
X200  the  other  Part  of  the  Divilbc^ 


1596 

6  the  F^re  la^  placed  in  the  Koot, 


9576  Subtrahend. 


823744  Refolvend. 


202800  Produd  of  the  Square  of  26  by  300^ 
780  Produd  of  26  by  30. 


203580  Divifor. 


16  Square  of  4. 
3120  Produd  of  780  by  4. 
202800  the  other  Part  of  the  Divifor. 


205936 

4  the  Figure  laft  placed  in  the  Roie^t 


823744  Sttbtrahend. 


O  itmains* 


Exam.  5. 


J 


ExtraBm  tf  the  Cuhe  RoMl  io< 

;.   Extrad  the  Cube  Root  of  54  io  thffr  Flaoei 

of  Decimals. 

54.000000000  (3*779 

?7 

27000  Reiblveod. 

2700  Produd  of  the  Square  of  3  by  jqou 
90  Produd  of  3  by  30. 

2790  Divifor* 


•mm 


49  Square  of  7* 
630  Produft  of  90  by  7. 
2700  the  other  Part  of  the  DivifiMV 


3379      • 

7  the  Figure  laft  placed  in  the  Root, 


T- 


23653  Subtrahend. 


3347000  Refolvend. 

410700  Square  of  37  bv  30a 
mo  Produd  of  37  by  30. 


411810  Divifon 


49  Square  of  7. 
7770  Produd  of  mo  by  7. 
410700  the  other  Fart  of  the  Divifor« 

418519 

7  the  Figure  lafl  placed  In  the  Roeit 


2929^33  Subtrahend. 


mm 


417367000  Relblrend. 


42638700  Square  of  377  by  300. 
11310  Produft  of  377  by  30. 


42650010  Divifor*  « 

!   .  S|  Squane 


lot  l^ATHMM^rjCS. 

8l  Square  of  9. 
101790  Produdl  of  1 1310  by  g. 
42638700  the  other  Fart  of  the  Divifon 


IM 


4274057  I 

9  the  Figure  hft  pkced  ifi^  the  Root. 


384665139  Subtrahend. 


32701861  Remakidlr/ 

By  the  two  laft  Examples  the  Learner  may  fee»  that, .  whei) 
a  new  Refolvend  is  made,  all  the  Figures  then  in  the  Root 
muft  be  fquared,  and  their  Square  multiplied  by  300,  and 
the  Figures  in  the  Root  multiplied  by  30  to  make  a  Di* 
▼ifor :  That,  when  it  is  known  how  many  times  the  Divifer 
can  be  h^d  in  the  Refolvend,  that  Figure  muft  be  placed  in 
the  Root,  to  the  right  Hand  of  thofe  already  there,  as  in  the 
Quotient  In  Ditrifion :  That  then  the  Figure  laft  placed  in  the 
Root  muft  be  fquared,  and  put  down  under  ttie  Divifor  \  and 
the  formei^  Part  of  the  Root  multiplied  by  30  is  to  be  mul- 
tiplied by  thia  laft  placed  Figure  in  the  Root,  and  put  under 
the  Square  of  the  laft  Figure  in  the  Root ;  under  thefe  put 
the  other  Part  of  the  Divifor,  which  being  added  together, 
their  Sum  muft  be  multiplied  by  this  laft  pbced  Figure  in  the 
Root,  for  the  Subtrahend  to  be  fubtradiad  firom  the  Refolvend. 

If  the  Subtrahend,  when  all  the  Periods  afe  tahen  down,  is 
the  fame  with  the  Refolvend,  the  Wdck  is  finiftied,  and  the 
Root  is  the  true  Root  fought;  as  in  the  fourth  Es^ample, 
where  264, is  the  true  Cube  Root  of  the  given  Cube:  But, 
if  any  Thing  remains  when  all  the  I^eriod^  have  been  taken 
down,  to  that  Remainder  annex  three  Cyphers,  and  pqrfuq 
the  fame  Method  as  before  ;  by  which  the  Root  may  be  con-* 
tinned  to  as  many  Places  of  Decimals  as  itny  be  thought 
proper ;  always  obftrving  to  annex  three  Cyphers  to  each 
It^emainder,  to  make  a  new  Refolvend. 

If  a  Decimal  FraSioii,  or  niixed  Knmber,  is  given  for 
the  Cube  Root  to  be  extraded,  at)4  the  deekiia)  Places  are 
neither  three,  fix,  nor  nine,  Cyi^hers  muft  be  annexed,  to 
make  the  Decimals  have  one  of  thefe  Numbers  ef  Places ;  fo 
that  the  Doc  may  iail  on  the  Units  Place  of  the  integral  Part 
of  the  mixed  I^umber,  and  that  the  firft  Period,  in  an  entire 
Decimal,  may  conf^ft  of  three  Places. 

Exam,i, 
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Exam.  6.  Extrad  the  Cub«  Root  of  92775.111183. 

92775.111183  (45.27 
64 

28775  Rcfolvcnd. 

4800  Square  of  4  by  30c* 
120  Produd  of  4  by  30. 


■*«•"•■ 


4920  Divifor. 


25  Square  of  5. 
600  Produdl  of  120  by  5. 
4800  the  other  Part  of  the  Diviibr. 


54^5  .    , 

5  Che  Figure  laft  placed  in  the  Root. 


27125  Subtrahend. 

1650111  Refolvend. 

607500  Square  of  45  by  300. 
1350  Produft  of  45  by  30, 

608850  Divifor. 


4  Square  of  2. 
2700  Produd  of  1350  by  %, 
607500  the  other  Part  of  the  Divifon 


610204 

2  the  Figure  l^ft  phoed  in  the  Root. 


1220408  Subtrahend* 


429703183  Refolvend. 

6 1 29 1 200  Square  of  452  by  300* 
13560  ProduA  of  452  by  30* 


61304760  Divifor. 

■  49  Square 
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49  Square  of  7. 
94920  Produd  ot  13560  by  7, 
61I91200  the  other  Part  of  ijie  Divifor^ 

6X386X69 

7  the  Figure  laft  placed  in  the  ^oot^ 


429703183  Subtrahend. 


o  retiiains. 
Eifam,  7.  Extraa  the  Cube  Root  of  8a763. 
80.763  (4.32 
64 

16763  Refolvend* 

4800  Square  of  4  by  300. 
120  Produdl  of  4  by  30*     , 


4920  Divifor^ 


9  Square  of  3.. 
360  Produd  of  X20  by  3^ 
4800  the  other  Part  of  the  Divifiuf^ 


5169 

3  the  Figure  laft  placed  in  the  Root^ 


15507  Subtrahend. 


1256000  Refolvend^ 

•    554700  Square  of  4^  by  300, 
X290  Product  of  43  by  30. 

555990  Divifon 

4  Square  of  2* 
2580  Produfi  of  1290  by  2. 
554700  the  other  Pare  of  the  Diviibr. 


557284 

2  the  Figure  laft  phced  in  the  Root.' 


X  1x4568  Subtrahend. 

141432  Remainder*  I  Audi 
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1  (hall  juft  obferve  to  the  Reader,  that,  when  the  Root  confifts 
of  Int^m  ^0J^^<W«  (he  Hr^^iQQf  are  iK>t  di^j^gnf iihed 
in  fonmng  the  I)iviibr,  oiit  ufed  as  Integers, 

In  the  feventh  Example,  ther^  being  but  thief  decimal 
Places  given,  the  Root  would  confijl  of  but  oiie  Decimal, 
without  ann^ing  three  Cyphers  to  the  Remainder^  to.  make  a 
new  Refolveiid :  And,  if  to  the  lai^  Remaiqde|r  three  Cyphers 
are  annexed,  the  Root  may  then  be  obtainoL  to.  ihwe  decimal 
Places. 

£xam.  8.  ExtraA  tb(.  Cube  Root  of  146.379. 

H6*379.(S-«7 
125 

/ 

21379  Rcfolvend* 


7560  Square  of  5  by  3CO. 
150  Produfft  of  5  by  30. 


■Mki 


7650  Divifor. 


4  Square  of  2. 
300  ProduQ  of  150  by  2, 
7500  the  other  Part  of  the  Divifar. 


7804 

2  thq  Figure  laffc  placed 


15608  Subtrahend* 


5771000  Refolvend. 


81 1 200  Square  of  52  by  300. 
1560  Produdl  of  52  by  3a 


812760  Divifor. 


49  Square  of  7. 
10920  Produfl  of  1560  by  7. 
81 1200  the  other  Pare  of  the  Divifor, 


822169 

7  the  Figure  laft  placed  in  the  Root. 


5755183  Subtrahend. 


1*58 r7  Remainder. 

P  Zxam.  9, 


io6  MA^a  M  MAtiC9. 


\ 


JSmmi.  ii.  Extnft  fhe  Cute  Root  «f .  16^77 1336> 

.16*771336  (.546 
«4S 


«b 


37771  Rdblvetad. 


7500  Square  of  5  by  30(X 
150!  ProduA  of  5  by  30^ 


7650  Divifor. 


16  Square  of  4. 
600  Produd  of  150  by  4. 
7500  the  other  Part  of  the  Divilbr* 


8116 


^aocd 


2r 


32464  SubtiabettL 


5307336  kefolyend. 


874800  Square  of  54  bv  300^ 
i6ao  Produft  of  54  by  30. 


876420  Diviibr. 


36  Square  of  6. 
9720  Prodiift  of  i6ao  by  6* 
S74800  the  other  Part  of  the  Divifon 


884556 

6  the  Figure  laft  placed  in  the  Root* 


5307336  Subtrahend, 


0  recnains. 


IflMdl 


ExtralHm  cf  tti  Okie  Rjoa.  io|r 

I  IbaB^liCiV  add  two  Exainirfei  in  Oedaials  x)iil]r. 
JEortfflv*  to.  Extraft  the  Cube  Root  of  .474J5a« 

•47455^  (-r* 

1^552  Refohreod.. 
14700  Square  of  7  by 


14910  Oivifcr. 

64  Square  of  8. 
1680  Produft  of  210  by  8. 
1^700  the  other  Fart  of  th«  Divifer* 

^       ■'     ■ 

'^H4 

%  tjie  Fsgiire  hft  placed  in  the  Root. 


j{i552  Sulmahewl^^^ 


o  MinaiiiK 


Mscm^Jir  Extraa  thot  Gul^  Root  of  .j^sS* 
•375800  (.7a, 
343 


» 


iMi 


32800  Reiblrend; 


14700 

210 


J4910  Dtvite; 


4 
420 

14700 

15124 

2 


Sub(raheod. 


t«i 


2552  Remain4er. 

P2  ia 


to8  MAtRE'^AtlCS. 

In  the  laft  Example,  ikut  given  NtkiMier  b  -syjlSs  ^hkh 
conilfting  of  four  Places,  two  Cyptea  muft  be  ann^ed,  to 
make  fix  Places^  as  it  is  a  Decimal* 

If  the  tieamer  lias  a  Mind^  he  may  prpve  tbQ.  Examples^ 
by  multiidying  the  Roots,  by  themfelves^  and  that  Produd  bjr 
the  Root,  as  was  done  in  the  firft  Example ; .  Wbere  there  u 
a  Remainder,  as  in  the  fiftl^  feventh,  ejshth,.  and  eleventb 
Examples,  it  muft  be  ddded.tQ  tbQ  taft  ^odiid:  Thus,  in 
Example  ii, 

.'jt  Root* 
.72 


t44 

504 


^184  Square* 
.72  &oot* 


10368    *'     '      *  * 

36288 


•379^4*  P»^%  ' 
2552  Remainder. 


•375800  or  .3758,  the  givin  Number. 

I  fliall  only  add  one  Example  more,  where  a  Cypher  arifts 
in  the  Root. 

EMm.  12.  To  extra^  the  Cube  ftoot  of  29.508381%  ' 


•     • 


29.508381  (3,09 

27 


2508  Re(blvend. 


2700 
90 

2790  Diviibr. 


I^MM 


2S08381  Rc" 


I 


I. 
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2508381  Refohrend. 

270000 
900 


270900  Divifor. 


81 

8100 

270000 

278x81 

9 


2503629  Sttbtiabeiuj. 


4752  Remainder. 

Ipie  Divifor  2790  cannot  be  had  In  2508  the  Refblvend  ^ 
therefore  place  a  Cypher  in  the  Root,  and  uke  down  2508  ; 
to  which  joining  381,  the.  next  Period,  it  gives  2508381,  a 
Refdvend  j  and  then  proceed  in  the  Work  as  before. 


Art.  51*    To  multiply  Feet^   Incbeiy   and 
PartSy  by  Feet^  Inches^  and  Parts. 

TH  £  Multiplication  of  Feet,  Inches,  and  Parts,  com* 
monly  called  Crtfs-Muhiplicatm^  being  very  ufefuV, 
I  ihall  endeavour  to  make  it  a^  eafy  to  the  Learner  as 
I  can,  by  a  new  Method,  the  heft  I  ba^e  yet  feen  ;  for  which 
1  am  oUiged  to  Mr.  Thomas  Triplitt,  of  Kingjlon^  who  vfM 
to  kind  as  to  communicate  it  to  me. 

When.  Feet  are  multiplied  by  Feet,  the  Product  is  Feet ;  if 
Feef  are  multiplied  by  Inches,  or  Inches  by  Feet,  the  Produft 
is  Inches ;  but,  if  Inches  are  multiplied  by  Inches,  the  Produft' 
will  be  PitrtSj  of  which  twelve  mkke  an  Inch :  From  whence 
it  arifes,  that  Learners  are  often  at  a  Lo&  where  to  fet  down' 
their  Produd:  To  prevent  which  Difficulty^  Mr.  Triphtt 
invented  the  following  Method :  Divide  the  MulcipHcand  by 
12,  and,  that  being  multiplied  by  the  Inches,  each  ProduA  is 
^  under  the  Denomination  from  whence  it  is  produced. 

Exam*  i« 


no  M  A.^  H  E  M  A'TIC  ^. 

Exam.  I.  Multiphr  9F.  61.        Exam.  a.  Multipljr  KfeF.  7 1^ 
by  4F.  3  Inch.  by  6F.  ^Xacb^. 


F.        I. 
9 

P. 
:    6 

9:6 
4    :     3 

2    :    4 
38    :    0 

:    6 

F. 

I. 

P. 

I 

:    0 

'    7 

12 

6 

s    7 
:    9 

9 

75' 

•    S 
:    6 

•■    3 

40    :    4    :    6  '      84    :  II     :    3 

Exam.  I,  The  Multiplicand  ind  Multiplier  being  (et  iawn^ 
draw  a  Line  over  the  Multiplicand  i  then  divide  the  Multiple 
cand  by  12^  thus,  the  twelfth  Part  of  9  Feet  is  9  Inches ;  let. 

?over  the  Inches  in  the  former  Multiplicand :  Alfi>  the  twelfth 
art  of  6  Inches  is  6  Parts ;  which  muft,  therefore,  be  placed 
one  Place  to  the  right  Hand,  after  making  Dots  betwixt,  as  is 
lifual  in  fuch  Cafes,  and  as  is  done  above. 

Having  thus   made  two  Multiplicands,  (the  new  one  for 
the  Inches  of  the  Multiplier,    and  the  other  for  the  Feet) 
multiply  the  3  Inches  mto  the  6  Psirts^  and  it  msfces  r9^ 
which,  being  divided  by  12,   gives  i,   and  6  remains;  fet 
down  the  6  Part^  under  the  6  Part^  ih  the  upper  Multiplicand^ 
and  carry   the  j  ;    then,  3  times  9  is  27,   and  i  that  was 
carried  is  28,  which,  being  divided  by   J2,  gives  2,  and  4 
remains ;  fet  down  the  4,  in  the  Place  of  Inches,  under  the  9^ 
and  the  2  in  the  Place  of  Feet :  Then  multiply  the  9  Feee 
and  6  Inches  by  the  4  Feet  in  tifie  Multiplier,  faying,  4  tisies 
6  is  24,  which,  being  Inches,  muft  be  divided  by  12$  ttiid 
12  may  be  had  twice  ii^::24>  and  nothing  remains;  therefore, 
fet  down  o  in  the  Place  of  Inches,  and  carry  2 ;    laftly,  4. 
times  Q  is  36,  and  2  that  was  carried  is  38,  which,  being 
Feet  by  Feet,  muft  be  fet  down  entire,  in  the  Place  of  Feet, 

Under  thefe  two  Produds  draw  a  Line,  and  add  tbeoi 
together ;  by  which  it  appears,  that  the  P^odu£i  of  9  Feet  and 
6  Inches,  by  4  Feet  and  3  Inches,  is  40  Feet,  4  Inches,  and 
6  Parts,  or  Half  an  Inch. 

Exam.  2.  The  12  Feet  in  the  Multiplicand,  being  divided 
by  I2»  gives  i ;  which  let  down  in  the  Place  of  Feet,  over 
the  former,  having  firft  drawn  a  Lihe;  and,  as  there  is  nothing 
remaining,  put  a  Cypher  in  the  Place  of  Inches  :    Then  the  % 

Inches. 
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'Inches,  being  divided  by  12>  gives  7  Parts,  which  muft  b^ 
:  *pfaced  CO  the  right  Hand. 

Then  multiply  the  9  Inches  in  the  Multiplier  into  the 

I  Foot  and  7  Parts,  the  upper  Multiplicand,  thus,  9  times  7 

is  63,  which,  being  divided  by  la,  gives  5,  and  3  remains  s 

Het  down  the  3  in  the  Place  of  Parts,   under  the  7,  from 

which  it  was  produced,  and  carry  the  5  to  the  next ;  which 

lieing  a  Cypher,  9  times  nothing  is  nothing,  but  the  5  that 

was  carried  is  5^  which  fet  down  in  the  Place  of  Inches;  then, 

^9  times  i  is  9,  which  put  down  in  the  Place  of  Feet :  Nexc 

^multiply  the  12  Feet  iind  7  Inches,  the  kwer  Multiplicand, 

'by  the  6  Feet  in  the  Multiplier,  thus,  6  Feet  by  7  Inches  is 

42  Inches,  or  3  Feet  and  6  Inches ;  put  down  the  6  Inches 

'iinder  the  5  Inches,  ^nd  carry  the  3  ;  then,  6  times  1 2  is  72, 

and  the  3  that  Was  carried  is  75,  which  put  under  the  9  Feet ; 

now  add  thefe  two  Produ£b,  and  their  Sum,  84  Feet,  1 1  Inches, 

and  3  Parts,  is  the  true  Ahfwer. 

Before  I  proceed  to  any  more  Examples,  it  may  be  proper 
'to  obferve,  that,  an  Inch  being  the  twelfth  Pare  of  a  Foot, 
and  what  we  call  a  Part  the  twelfth  Part  of  an  Inch,  there 
"can  be  no  Number  (o  large  as  72,  except  in  the  Feet :  There- 
fore, in  dividing  the  Multiplicand  by  X2,   nothing  more  is 
required,  the  Numbers  being  under  12,  than  to  remove  thehi 
a  Place  lower ;  for  the  twelfth  Part  of  any  Number  of  Feet, 
-under  12,  makes  the  fame  Number  of  Inches  \  and  the  twelfth 
Tart  of  the  Inches,  they  always  being  under  129  are  fo  many 
Parts.     The  Multiplicand  being  thus  reduced  to  one  Twelfth 
of  what  it  was,  every  Produ£l  will  {^d  under  the  Denomina- 
'tion  from   whence  it   is  produced,    when  multiplied   by  the 
Inches  in  the  Multiplier :    Other^ife,  multiplying  by  Inches 
jeduces  each  Kind  a  Place  lower,  which  is  here  already  done.' 

JExfim.2'  MulfiRly  15F.  5L         Exam.^.  Multiply  17  F.  81. 
by  9  F,  10  Inch.  by  loF.  4lnch. 

F.         I.        P,  •  F.         I.        P. 

1:3:5  1:5:8       ' 


J5 
9 

:     5 
:  16 

17     :     8                  ' 

10     :     4, 

12 
138 

:  10     :. 
:     9 

:     7     : 

2 

» 

2 

5     :  ro    :     8  '    , 
1-6     :     8 

^5* 

iSa     :     6    ':     8 
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Exam.  3-  Praw  a  Line  over  the  Multiplicand,  .wbicb|  beiiy 
divided  by  I2,  gives  i  Foot,  3  Incho,  and  5  Parts;  far  r% 
.may  be  had  once  in  15^  aqd  3  ov(;r(  put  down  th^  i  oyer  the 
Feet,  and  the  3  over  the  Place  of  Inches,  and  ti|^  5  Ipf^ics 
in  the  old  Multiplicand  put  -in  the  Place  of  Part^  in  the  ^cw 
Multiplicand :  Multiply  the  i  Foot,  3  Inches,  and  5  IHtrts, 
by  10,  thus,  10  times  5  makes  50,  which,  being  divided  i|jr 
t2,  gives  4,  and  2  remains  i  fet  dov^n  the  2  under  the  5,  aqd 
carry  4  s  then,  10  times  3  is  30,  and  4  that  w;a^  carried  is 
^4,  which,  being  divided  by  12^  gives  2,  and  io  xemain«.| 
let  down  the  1 0  Inches,  and  carry  2t  to  tl^  feet  i  fiiviii^ 
10  times  I  is  10,  and  2  that  was  carried  makes  ift,  wmcb, 
being  Feet,  muft  be  fet  down  entire:  Then  multiply  the 
15  Feet  and  5  Inches  by  the  9  Feet,  thus,  o  Feet  by  5  Inches 
is  45  Inches,  or  3  Feet  and  9  Inches ;  put  down  the  o  Incbet 
under  the  10  Inches,  and  carry  the  3  ;  then,  9  Feet  by 
5  Feet  is  45  Feet,  and  3  that  was  carried  is  48  J^cet;  put 
down  the  8  Feet  under  the  2,  Feet,  and  carry  the  4;  laftly, 

9  times  I  is  9,  and  4  that  was  carried  is  13,  which'  put  down 
as  in  the  Example:  Now  draw  a  Lioe  under  tbefe  two  Pro* 
du£ts,  and  add  them ;  the  z  Parts  put  down ;  but  the  10 
Inches,  being  added  to  the;  9  Inches,  makes  19  Inches,  or 
t  Foot,  and  7  Inches ;  put  dpwn  the  7  Inches,  and  carry  the 
I,  Foot  to  the  Feet,  which  aije  added  in  the  ufual  Mjiffper. 

Exam,  4.  Draw  a  Line  over  the  Multiplicand,  and  tlii^ 
17  Inches  in  the  Mqltjplicand,  bqng  divided  by  tX,  gjves 
,  i  Foot  and  5  Inches ;  place  the  t  over  the  Feet,  and  the. 
5  Inches  place  over  the  inches,  and  the  8  Inches  in  the  old 
Multiplicand  put  in  the  Place  of  Parts  in  the  new  Multiplicand, 
for  8  Inches,  being  divided  by  12,  gives  8  Parts:  Multiply 
this  new  \luUiplicand  by  4  Inches,  thus,  4  Inches  by  8  Parts 
is  32  Parts,  or  2  Inches  smd  8  Parts ;  fet  down  the  8  Parts 
under  the  Place  of  Farts  in  the  upper  Multiplicand,  and  carry 
the  2  Inches  j  then,  4  Inches  by  5  Inches  \$  20  Ipcbes,  and 
a  Inches  that  was  carried   is  22  Inches,   or   i   ^oot  and 

10  Inches;  fet  down  the  10  Inches  in  the  Place  of  Inches, 
and  carry  the  i  Foot ;  then,  4  Feet  by  1  Foot  is  4  Feet,  and 
I  that  was  carri^cd  is  5,  which  fet  down  as  in  the  Example : 
Now  multiply  the  old  Multiplicand,  17  Feet  and  8  Inches, 
by  the  10  Feet,  thus,  10  Feet  by  8  Inches  is  80  Inches,  or 

'6  Feet  and  8  Inches;  fet  down  the  8  Inches  under  the  10 
Inches,  and  carry  the  6  Feet ;  then  multiply  the  17  Feet  by 
10,  to  which  carry  the  6  Feet,  in  the  ufual  Manner,  ^nd 
^  mak^  Ijb  Feet,  which  fet  down  as  io  the  Example ;  draw 

a  Linp 


a  Line  under  diefe  two  Produfb,  tben  add  them  as  a%  the 
third  Exainplci  and  we  have  1 82  Feet^  6  Inches^  and  8  Parts, 
the  Pxodud  required. 

Exam.  5.  Exam.  6.  Exam.  7* 

Multiply  56  F.  3 1.     Multiply  1 12F.  5!,     Multiply  24F*  loL 
bjr  17 F.  7I.  by  23F.  9I.  by  15F.  61. 

F.  L  P.      F.   LP.    .  F.   L  P, 

4-8:3       9-4:5     ,2:0:  10 

56  :-3         112  :  5 
47  :  7  ^3  ••  9 


32  :  9  :  9       84  :  3  :  9 

396  :  3         345  :  7 
56  224 


»4  : 

10 

*5  : 

4 

12  : 

s 

13^   2 

6 

•     ^ 

24 

989  :  o  :  9      2b6g  :  10  :  9     384  :  11 

Exam.:^.  The Mult^lkrand,  56  Feetand  3  Inches,  being  di- 
divided  by' 12,  as  in  the  former  Examples,  gives  4  Feet,  8 
Inches,  and  3  Parts,  fcr  the  new  Multiplicand ;  tben  multiplying 
this  new  Multiplicand  by  the  7  Inches,  as  taught^in  the  former 
fxamples^  it  gives  32  Feet,  9  laches,  and  9  Parts:  The 
17  Feet,  being  muh^ied  into  the  3  Inches,  makes  51  Inches, 
which,  being  divided  by  J  2,  gives  4  Feet  and  3  Inches  j  iet 
down  the  3  inches,  and  multiply  the  56  Feet,  nrft  by  the  7^ 
remembering  to  carry  the  4  when  the  7  is  multiplied  into  the 
6 ;  this  produces  396  Feet  and  3  Inches :  Then  multiply  the 
56  Feet  by  I,  the  remaining  Part  of  the  Multiplier,  and  fet 
the  Produd  56  under  the  796,  as  in  common  Multiplication : 
The  Produ&,  being  added,  make  989  Feet  and  9  Parts. 

In  the  fixtb  Example,  the  ;  Inches  in  the  Multiplicand, 
being  multiplied  by  the  23  Feet  in  the  Multiplier,  gives  .115 
Inches,  or  9  Feet  and  7  Inches ;  put  down  the  7  Inches,  and 
carry  the  9  Feet  to  the  Produd  of  the  112  multiplied  bjr  3 : 
And,  in  the  feventh  Example,  when  the  i  o  Inches  are  to  be 
multiplied  by  the  15  Feet,  the  Produ£k  is  150  Inches,  «r 
12  Feet  and  6  Indxis :  The  reft  of  the  Work  is  the  £ime 
as  before^.  •     . 

But,  wlien  Feet,  Inches,  and  Parts,  are  to  be  multiplied  by 
Testy  Inches,  and  Paru,  there  will  be  produced  lower  I^'^ 

(^  vifiont^ 
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vifions,  called  Seconds  and  Thirds  \  a  Second  being  the  twelfHi 
Part  of  what  we  here  call  a  Part^  and  a  Third  the  tweifdi 
Part  of  a  Second.  In  thefe  Operations,  it :  is  ncccffary  ty 
make  two  fupplemental  Multiplicands,  one  for  the  Inches,  and 
the  other  for  the  Parts. 

Exr  8,  Multiply  9F.  4I.  7  P.    Ex.  9.  Multiply  I2F.  9L  5P. 
-       bysE.  61.  4P.  bySF.  41.  loP- 

F.      I.      P.     S.    T.  F.      I.      P/     S.    T. 

I  :    o  :     9:5 
I  :     o  :     9  :     5 


1 

9  : 

9:4:7 
4  ••  7 

9  •• 
5  : 

4  : 
6  : 

7 
4 

4  : 
46  : 

1; 

10  : 

1:6:4 

3  •  6 
II 

12  :     9  :     5 
8  :     4  :  10 


10  :     7  :  10  :  2 
4  :     3  :     I  :     8 
102  :     3  :     4 

51  :  10  :     4:0:4  107  :     5  :     i  :     6:2 

Exam.  8.  Having  placed  the  given  Numbers  under  each 
other,  draw  a  Line  over  the  Multiplicand,  and  divide  it  by  I2s 
which  is  done  by  placing  each  Figure  one  Place  lower  in 
Denomination,  they  being  all  under  12  ;  this  is  the  Multi- 
plicand for  the  Inches :  Now  divide  this  firft  fupplemental 
Multiplicand  bv  12,  thus,  the  9  Inches,  being  divided  by 
12,  gives  9  i*arts,  which  place  over  the  4  Parts:  The 
4  Parts  in  the  iirft  fupplemental  Multiplicand,  being  divided 
^y  1^9  gives  4  Seconds,  which  put  over  the  Place  of  Seconds 
in  the  firft  fupplemental  Multiplicand  :  The  7  Seconds  in  the 
firft  fupplemental  Multiplicand,  being  divided  by  12,  gives 
7  Thirds  in  the  fecond  fupplemental  Multipltgahd,  which  place 
as  in  the  Example. 

Multiply  the  upper  fupplemental  Multiplicand  by  the  4  Parts 
in  the  Multiplier,  thus,  4  Parts  by  7  Thirds  is  28  Thirds, 
or  2  Seconds  and  4  Thirds ;  put  down  the  4  Thirds  under  the 
Thirds  in  the  upper  fupplemental  Multiplicand,  and  carry  the 
2  Seconds  :  Then,  4  Parts  by  4  Seconds  is  16  Seconds,  and  a 
that  was  carried  is  18  Seconds,  or  i  Part  and  6  Seconds;  put 
down  the  6  Seconds  in  the  Place  of  Seconds,  and  carry  the 
"  I  Part ;   And  4  Parts  by  9  Parts  is  36  Parts^  and  i  that  wis 

carried 
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csnridd  J9  37  Parts,  or  3  Inches  and  i  Part,  which  put  down 
as  in  the  Wark. 

Multiply  the  lower  fupplemental  Multiplicand,  9  Inches, 
4  Parts,  and  7  Seconds,  by  the  6  Inches  in  the  Multiplier, 
thus,  6  Inches  by  7  Seconds  is  42  Seconds,  or  3  Parts  and 

6  Seconds ;  put  the  6  Seconds  under  the  Seconds  in  the  laft 
Produd,  and  carry  the  3  Parts :  Then,  6  Inches  by  4  Parts 
is  24  Pasts,  and  the  3  that  was  carried  is  27  Parts,  or  2  Inches 
and  3  Parts ;  put  the  3  Parts  under  the  Parts  of  the  former 
ProduA,  and  carry  the  2  Inches :  And  6  Inches  by  9  Inches 
is  54  Inches,  and  2  that  was  carried  is  56  Inches,  or  4  Feet 
and  8  Inches^  which  place  as  in  the  Work. 

Multiply  the  given  Multiplicand,  9  Feet,  4  Inches,    and 

7  Parts,  hy  the  5  Feet  in  the  Multiplier,  and  put  the  Pro- 
du^  46  Feet,  10  Inches,  and  11  Parts,  as  before  taught. 

Now  add  thefe  three  ProduSs  together,  and  their  Sum  is 
the  Product  fought. 

The  ninth  Example  is  done  in  the  fame  Manner ;  only,  the 
given  12  Feet,  when  divided,  miake  i  Foot  in  the  firft  Mul- 
tiplicand i  and  this  Multiplicand,  being  divided  by  12,  gives 
I  Inch,  9  Seconds,  and  5  Thirds,  for  the  iecond  fupplemental 
Multiplicand. 

Exam,  10.  Exam,  ix* 

Multiply  20  F.   61.   3  P.  by        Multiply  18F.  7 1.  2  P.  by 
loF.  81.  5  P.  9F.  5 1.  4P. 

P.      I.    P.    S.    T.  F.     I.      P.      S,     T. 

1:8:6:3  1:6:7:2 

.1:8:6:3  1:6:7:2 

20  :  6  :  3 

lo  :  8  :  5 


ijk 


8:6:7:3 
13  :  8  :  2 
205  :  2  :  6 


18  : 

'  7  : 

2 

9  : 

5  : 

4 

6  : 

a  : 

4; 

8 

7 

:  8  : 

II  : 

10 

1^7  ; 

:  4  •- 

6 

• 

ai9  :  7  :  2  :  7.  :  3  17S  -  1  '-    8  :     2':  8 

Exam.  10.  The  Multiplicand  and  Multiplier  confiftiiig  of 
Foec,  Inches,  and  Parts,  we  rouft  find  two  fuppkmental  Mul* 
tiplicands,  as  in  the  two  laft  Examples ;  then  drawing  a  Lino 

Q^z  over 
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over  the  Mttltiplksind,  and  dlvtdtng  tbe  20  Feet  ia  tlieMt 
tiplicand  by  11,  the  Quotient  is  i  Foot,  and  8  oirer ;  put  t  ^^ 
I  over  the  PUce  of  Feet ',  and^  dividing  the  8  Feet  over  I  ^  < 
X2,  it  giva  8  iDchoi,  which  put  over  the  Place  of  behei  r 
Then,  the  6  Inches  in  the  Mukiplkand,  being  divided  by  ts  ^ 
gives  6  P^ts,  which  put  over  the  Place  of  Parts :  And,  bAly  l3 
the  3  Parts  in  the  Multiplicand,  being  divided  by  la,  pit  \\ 
3  Seconds,  which  place  as  in  the  Example. 

To  form  the  fixood  fupplemental  Multiplicand,  divide  tht 
I  Foot  in  the  firft  fupplemental  Multiplicand  by  12,  and  k 
gives  I    Inch,    which  put  over  the  Place  of  inches:    The 
8  Inches  in  the  firft  fupplemental  Multiplicand,  being  dhrided 
by  1^1   give*  8  Parts>    wUch  put  over  the  Place  of  Parts 
The  6  Parts  in  the  firft  fupplemental  Multiplicand,   bein|  - 
divided  by  12,  gives  6  Seconds  in  the  (econd  Multiplicaiiii 
And  the  3  Seconds  in  the  firft  fupplemental  Multiplicand,  beim 
divided  by   12,   gives  3  Thirds- in  tbefecond  fupptemeoei  . 
Multiplicand,  ^ 

The  upper  fiipplcmentai  Multiplicand,    i  Inch,    8  F^f  • 
6  Seconds,  and.  3  Thirds,  being  multiplied  by  the  5  I^rt*  .  « 
tbe  Multiplier,  gives  8  Inches,  6  Parts,   7  Seconds,  and 
Thirds,  by  the  Direftions  at  the  eighth  Example* 
The  under  fupplemental  Multiplicand,   i  Foot,  8  Inches 

6  Parts,  and  3  Seconds,  being  multiplied  by  tbe  8  Inches  ir 
the  Multiplier,  gives  13  Feet,  8  Inches,  and  2  Parts,  by  tbe 
DirefKons  at  the  eighth  Example. 

And  tbe  MultipTicand,  20  Feet,  6  Indies^  and  3  Farts, 
being  multiplied  by  the  10  Feet  in  tbe  Multiplier,  gives  205 
Feet,  2  Inches,  and  6  Parts,  by  the  Oiredions  at  the  eighth 
Example. 

Nqw  draw  a  Line,  and  add  thefe  three  Produds  together, 
aond  their  Sum  is  the  Produd  required, 

Exam.  II.  The  Multiplicand,  x8  Feet,  7  Inches,  and  a 
Farts,  being  divided  by  1 2,  gives  i  Foot,  6  Inches,  j  Parts, 
and  2:  Seconds,  for  the  firft  fupplemental  Multiplicand ;  whtcfa, 
being  divided  by  12,  gives  i  Inch,  6  Parts^  7  SeccMids,  and 
2  Thirdi,  for  the  fecoiM  fiipplemental  Multiplicand. 

The  upper  fiippkmental  Multiplicand,  i  Inch,  6  Parts, 
7  SecqiKte,  and  %  Thirds,  being  multiplied  bv  the  4  Faru 
in  the  Multfplier,  gives  6  Incho,  2  Parts,  4  Seconds,  and  ^ 
Thirds,  by  the  Diredions  at  the  eighth  Example* 

Tbe  under  fiipplemental  Multiplicand,    |  root;  6  Inches, 

7  Pans,  and  a  becond^^  being  mulriplied  by  the  5  Inches 

in 
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Fat»  8  Inches,  ii  Parts*  and  lo 
I  at  the  eighth  Exampfe. 
,    iS  Feet,   7  Inclfii,  ao4  i  IVts, 
J  Feet  ki  the  Multi[dier,  giva  167 
irts,  by  tlK  Direaions  it  the  ei^th 

rethec,  we  have  the  Produd  fou^t. 
unples  aie  done  in  the  lame  Miuinei'. 

Exam.  13, 


Multiply 

7' 

11 

'.  61.  I 
I.  2?. 

P.  by 

F. 

1  ; 

I. 
I  : 
3  : 

P. 

s. 

6 

1 

T. 
:  I 

■5  : 

7  : 

6  : 

5  : 

I 

a 

6  : 
108.: 

2  : 

11 

7 

0 
S 

:  a 

IJD  :  2  :  3  :  3  :  9  115  :  2  :  8  :  5  :  a 

But,  when  the  Feet  in  the  Multiplier  are  more-  than  12,  ss 
in  the  Srth,  fixth,  and  feventh  Examples,  it  may  be  more 
amvenient  to  do  it  by  taking  the  aliquot  Parts  of  a  Foot.  If 
the  Number  of  Incha  or  Parti  in  the  Multiplicand  happen  ix>t 
to  be  aliquot  Parts  of  ta,  they  may  be  divided  into  fud)  at 
are:  The  aliquot  Parts  of  iz  are,  i,.  which  is  a  twdfth 
Part ;  t,  a  -Sixth ;  3.  a  Fourth  ;  4,  a  Third ;  and  6,  th« 
Half.  The  others  may  be  nude  into  two  Parts,  thus,  5  maf 
be.  parted  into  4,.  which  is  2  Third,  and  the  remaining  1  is  tfaa 
Fourth  of  that :  So,  7  may  be  parted,  into  4,  a  Third,  uii 
3,  the  Fourth  of  12;  or  elfe  into  6,  the  Half,  and  i,  tin 
Sixth  Part  of  that  Half:  And  8  may  be  parted  into  4,  tb« 
Thin],  to  bt  uken  twice ;  and  9  into  3,  the  Fourth,  talceii 
three  time).    Of  this  I  fltall  fubjoin  Ibme  Ezamplct. 

Exam.  14, 
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Exam,  14.  Exam.  15.  Exam.  16. 

Multiply  49  F.  6 1.     Multiply  242F.  4I.     Multiply  84  F.  3 1. 
bya8F,4l.  bys9F.  4I.  byisF.  9I. 


F.  I. 
4-  :  ' 

P. 

:  6 

F,   I.  P. 

2a  :  2  :  4 

F. 

■  84  : 
15  : 

I.  P. 

3 
9 

49  •  6 

28  :  4 

• 

242  :  4 
59  :  4 

.80  :  9  :  4 
19  :  8 
2178 
1210 

16  :  6 

14 
S92 
98 

• 

63  : 

3  : 

420 

84 

m 

2  :  3 
9 

1402  :  6  14378  15:4  13^6  :  II   :  3 

Exam.  14.  Having  multiplied  the  4  Feet,  i  Inch,  and 
6  Parts,  by  the  4  Inches,  tind  put  down  16  Feet  and  6  Inches, 
the  Produfl,  as  before ;  then,  inftead  of  multiplying  the  28 
Feet  by  the  6  Inches,  take  the  Half  of  28  for  Feet,  becaufe 
6  lAcheaarethe  Half  of  a  Foot,  which  gives.  14  Feet;  place 
this  under  the  16  Feet,  Units  under  Units :  Then  multiply 
the  28  Feet  into  the  49  Feet,  that  is,  multiply  the  49,  firft 
by  the  8,  and  place  the  Units  of  this  Product  under  the  Units 
of  the  14,  the  Tens  under  the  Tens,  and  fo  on ;  and  multiply 
the  49  by  the  remaining  2  of  the  Multiplier,  putting  this 
Produdi  under  the  laft  Produ6),  as  in  common  Arithmetic: 
Now  draw  a  Line,  then  add  thefe  into  one  Sum,  and  it  wil) 
be  the  Produ£k  fought. 

'  Exam.  15.  Having  found  the  upper  Multiplicand,  20  Feet, 
2  Inches,  and  4  Parts,  as  before  taught,  and  multiplied  it  by 
the  4  Inches,  put  down  the  Product,  80  Feet,  9  Inches,  and 
4  Parts,  as  in  the  former  Examples :  But,  the  4  Inches  in 
the  Multiplicand  being  one  Third  of  a  Foot,  take  the  Third 
of  59  Feet,  which  is  19,  and  2  Feet  remains ;  and,  the  2  Feet 
being  24  Inches,  take  the  Third  of  24,  which  is  8,  and  place 
under  the  Inches  as  ufual :  Then  multiply  the  59  Feet  into 
the  242,  as  taught  in  the  laft  Example :  Now  draw  a  Line, 
and  add  as  before,  and  you  have  the  Produi^  fought. 

The  other  Example  is  done  in  the  fame  Manner. 


•  * 


Exam.  17, 
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Exam.  17.  Exam.  18. 

Multiply  28  F.  61.  10  P.  by  Multi{dy  42  F.  81.  4  P.  by 

16F.  4L  9P.  18F.  9I.  6P. 

F.  I.   P.  S;   T.  F.  I.  P.  S.  T. 

2  :  4  :  6  :  10  3:6:8:4 

2  :  4  :  6  :  10  3:6:8:4 


28  : 

;  6  : 

10 

16  : 

:  4  ■ 

9 

42  :  8  ':  4 
18  :  9  :  6 


1:9:5:1:6  1:9:4 

q  :  6  :     2  '  A^                             32:0:3 

8  9 

0:8  3 

0:5:4  0:6 

168  336 

28  42 


468  :  5  :  o  :  5  :  6        802  :  3  :  7  :  2 

Exam,  17.  After  forming  the  two  fupplcmental  Multipli- 
cands, and  multiplying  the  9  Parts  into  the  upper  Multipli- 
cand, and  the  4  Inches  into  that  next  ahove  the  Line,  fee 
down  each  Produft  under  the  particular  Denomination  from 
nrhence  it  was  produced,  (dividing  by  la,  where  neceflary)  as 
in  the  Work. 

But  now,  inftcad  of  multiplying  the  16  Feet  by  the  6  Inches 
and  10  Parts  in  the  Multiplicand,  (the  6  Inches  being  half 
a  Foot)  divide  the  16  Feet  in  the  Multiplier  by  2,  and  put 
8  Feet,  the  Quotient,  in  the  Place  of  Feet,  as  in  the  Work. 

Now  proceed  to  the  10  Parts  in  the  Multipflicand ;  and, 
the  6  Parts  being  half  an  Inch,  divide  the  16  Feet  by  2,  and 
the  Quotient  8  will  be  Inches,  which  put  in  the  Place  of 
Inches. 

There  being  4  Parts  left  out  of  the  10  Parts,  and  4  being 
one  Third  of  12,  divide  the  16  Feet  by  3,  and  the  Quotient 
5  will  be  Inches,  which  put  in  the  Place  of  Inches  ;  and,  the 
I  Inch  over  being  multiplied  by  12,  to  bring  it  into  Parts, 
divide  12  by  3,  and  the  Quotient  is  4  Parts,  which  put  in 
the  Place  of  Parts,  as  in  the  Work. 

Then  multiply  the  28  by  16,  and  place  the  Products  as  in 
the  Work,  like  common  Multiplication. 

Now  add  thefe  together,  and  it  will  be  the  Produdl  fought. 

If 
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If  the  Jteador  fbould  be  at  any  Uncertainty  to  fix  the  Deno^ 
aiination  of  the  Quotient,  he  may  remember, 
*  That  Feet  divided  by  Inches  produce  Feet  in  the  Quotient. 

Feet  divided  by  Parts  produce  Inches  in  the  Quotient. 

Feet  divided  by  Seconds  produce  Parts  in^the  Quotient. 

Feet  divided  by  Thirds  pr%\       «ieconds  in  the  Quotient* 

And,  univerlally,  the  Quoctfnt  is  the  next  higher  Deno- 
mination to  that  in  the  Multiplicand  whofe  aliquot  rart  divided 
the  Feet  in  the  Multiplier. 

Exanin  %Z.  Dividing  the  Multiplicand  42  Feet,  8  Inches, 
and  4.  Parts,  by  12^  the  Quotient  is  3  Feet,  6  Inches,  8  Parts, 
and  4  Seconds^  for  the  lower  fuppleniental  Multiplicand  ^  which, 
being  divided  by  1%^  gives  3  Inches,  6  Parts,  8  Seoonds^  and 
4  Thirds,  for  the  upper  fuppTemental  Multiplicand. 

Multiplying  the  3  Inches,  6  Parts,  8  Seconds,  and  4  Thirds, 
the  upper  fupplemental  Multiplicand, .by  the  6  Parts  in  the 
Multiplier,  the  Produd  is  i  Foot,  9  Inches,  4  Parts,  and 
2  Seconds,  as  in  the  Work. 

Multiplying  the  3  Feet,  6  Inches,  8  Parts^  and  4  Seconds, 
the  lower  fupplemental  Multiplicand,  by  the  9  IocImbs  ia  the 
Multiplier,  the  Produd  is  32  Feet  and  3  Inches,  as  in  the 
Work. 

But  now,  inftead  of  multiplying  the  Inches  and  Parts  in  the 
Multiplicand,  by  the  18  F^t<in  the  Multiplier,  out  of  the 

8  Inches  in  the  Multiplicand  take  6  Inches,  tot  half  a  Foot ; 
then  divide  the  18  Feet  ia  the  Multiplier  hy  2,  and  put  down 

9  Feet,  the  Quotient,  in  the  Place  of  Feet. 

Now,  the  2  Inches  of  the  Multiplicand  whkh  are  left  being 
(one  Third  of  the  .6  Inches  before  taken,  .divide  the  9  F^  laft 
found  by  3,  and  the  Quotient  is  3  Feet,  which  place  under 
the  9  Feet. 

There  being^.  Parts  left,  they  are  one  Sixth  of  the  2  Inches 
Jaft  found ;  thereibre,  divide  the  3  Feet  by  6,  and  the  Quo- 
tient is  6  Inches,  which  put  in  the  Place  of  IiKhes. 

Laftly,  n)ultiply  the  42  by  18,  as  in  common  Multiplication. 

Now  add  thefe  together,  and  the  Sum  will  be  the  ProduS 
Ibught. 

When  one  of  the  given  Numbers  conflfts  only  of  Feet  and 
Inches,  tho'  the  other  has.  Parts,  that  which  is  without 
Parts  being  made  the  Multiplier,  there  will  then  be  required 
but  one  fupplemental  Multiplicand,  as  in  the  nineteenth  Ex- 
ample :  And,  if  one  of  the  given  Numbers  confifts  of  Feet 
only,  then  the  Multiplicand  need  not  be  divided  by  12,  as  in 
the  twentieth  Example* 

Bxam*  19* 


/' 
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Exam,  x<jv  E$(am.  20.    ■ 

Multiply  17  F.  10' I.  6  P.  by       Multiply    76  F.   «  I.    7  P«  • 
25  F.  9 1.  by  j6F. 

F.      I.     P.     S.  F.        I.       P. 

■  I  :     5  :  10  :  6 

If  :  10  :    4 
*5  '    9 


»J« 

4  :  10  :  6 

I  ; 

Q  :    6 

12  : 

6 

8  : 

4 

75 

34 

^ 

76 

• 
• 

8 

• 
• 

7 

16 

• 

' 

8 

I 

• 
• 

4 

10 

• 
• 

8 

45^ 

76 

• 

1%%J 


450  ;    3:4:6 


Exam.  IQ.  Inftead  of  multiplying  the  25  Feet  into  tbe 
6  ParCO)  take  th«  Half,  which  is  I2  Inches,  or  i  Foot,  and 
t6e  I  that  renflatns  makes  6  Parts ;  then,  dividing  the  lo 
Inches  into  the  two  aliquot  Parts,  6,  the  Half  of  a  Foot,  and 
4j  the  Third,  take  firft  the  Half  of  25^  which  is  12  Feet  and 
6  Inches,  and  then  the  Third,  which  is  8  Feet  and  4  Inches, 

Exam.  20.  The  7  Parts  being  divided  into  6,  the  Half, 
and  I,  the  Sixth  of  that  Half,  take  the  Half  of  16,  which  is 
S  Inches,  and  the  Sixth  of  that  is  i  Inch  and  4  Parts ;  then, 
dividing  the  8  Inches  in  the  Multiplicand  into  4  and  4,  each 
being  the  Third  of  a  Foot,  take  the  third  Pact  of  16,  which 
is  5  Feet  and  4  Inches,  and  that,  being  doubled,  gives  10  Feet 
and  8  Inches. 


17)6  Meafuring  of  "Superficies. 

Art.  52. '    ■  ^  O  meafure  a  Square. 

I         Rule.  Multiply  the  Side  of  the  Square  into 
^*-     itfclf,  and  the  Produft  is  the  Area  or  fuper- 
-£cial  Content. 

R  I-et 
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Let  A  B  C  D  reprefent  a  Square,  whofe    a 
Side  is  n  Feet,     Multiply  |2,  the  Side^  ^ 
\fj  itfdf,  thus, 

12 


■p 


144  Ana, 


The  ProduA  144  b  the  Area  or  fuperficial  Content  o(  the 
Square  A  B  C  D ;  that  is,  a  Square,  whofe  Side  is  1$  Feet» 
contains  144  Feot :  This  will  appear,  if  each  of  the  Sides 
AB,  BC,  CD^  and  DA,  are  divided  into  la  equal  Parts, 
and  Lines  drawn  from  thofe  Dtvifiona.  crofs  the  Square  i  hi 
then  will  the  Square  be  divided  into  144  little  Squares,  whofe 
Sides  wilt  be  equal  to  the  Divifioiis  of  the  Lines* 

Aj^*  53*  To  meafura  a  Paralletogram, 

Jlulf.  Multiply  the  Length  by  the  Breadth,  and  the  ProduA 
is  the  Area  or,fuperiicial  Content, 

Let  A  B  C  p  reprcfcnt  a  Parallelogram,    A  ^ 

whofe  Length   is  12  Feet,    and  Breadth        '  -  -  ■ 

9  Feet.    Miiltiply  12  by  g,  and  the  Pro- 
4\i&  is  the  CoQtciU. 


j> 


<  1"  p 


c 


12 

9 


108  Area. 


Therefore  the  fuperiicial  Content  is  108  Feet;  as  naay  be 
feen  by  dividing  the  Lines  A  B  ^nd  C  D  into  X2  equal  Parts, 
and  drawing  Lines  from  one  to  the  other  ;  then  dividing  the 
Lines  A  D  and  B  C  into  9  Parts  each,,  and  drawing  Lines  from 
one  to  the  other^  cutting  the  former ;  by  which  the  Paral^ 
lelogram  will  be  divided  into  108  little  Squares,  each  of  whofe 
Sides  will  be  equal  to  the  Divifions  of  the  Lines :  So  that,  of 
whatever  Dimenfions  the  Divifions  of  the  Lines  are,  the 
Parallelogram  will  contain  ;o8  Sc^uar^  of  the  faitie  Di- 
iiien/ions, 

Article  54.  To  meafure  a  Rhombus. 

Definition,  A  Rhombus  is  a  Figure  with  fou^*  equ^I  Sides, 
in  the  Form  of  a  Quarry  of  Glafs,  or  a  Piamond  on  Cards, 
having  two  Angles  greater,  and  two  lefs,  than  the  Angles  of 
a  Square :  The  former  arc  called  ^i/w/i  Angle*,  and  the  latt^ 
a4Ute  or  (harp  Angles.  Rule^ 


fhe  Mfd/mifig  if  SMpirjIdei.  l^i 

MmU.  Multiply  the  Side  by  the  Lengtli  of  a  Perpdtidicular 
let  fidl  from  OIK  of  the  obtufc  Angles  to  the  JSiide  oppofite 
llich  Attgle. 

Let  A  B  C  D  fcprefcnt  a  a  ,  X3 

Rhombus,  each  of  wbofe  Sides  "-V  (v 

Is  16  Feet :  A  Perpendicular  let        \ 
£dl  from  the  obtufe  Angle  at  Bt  \ 

on  the  Side  D  C»  will  interfeft  \ 

xc  in  the  Point  £,  fo  wiU  B  E  Ty-''^ 

be  13  Feet ;    and  this  being  ^        JiS  ^ 

multiplied  into  the  given  Side,  the  Produft  is  the  Area  of  the 
Rhombus, 

16 

X3 


rift 


48 

x6 

208  Aredf 

Ariicli  55.  To  find  the  Area  of  a  Rhomboi4es« 

Difimtkn.  A  Rbomboides  is  a  Figure  wbofe  oppofite  Sides 
and  oppofite  Angles  are  equal. 

RmU.  Multiply  one  of  the  longeft  Sides  by  the  Perpendlcuhr 
let  &11  from  one  of  the  obtufe  Angles  oii  one  of  the' longeft 
Sides, 

The  Rhomboides  A  B  C  D  $ 
the  longeft  Sides  AB  or  CD 
being  ao.9  Feet,  and  the  Per* 
per  A  £  1 1.2  Feet* 


20.9 
11.2 

m\    III    •  - 

418 
209 
209 


234.08  Anfwcir  234.08  Feet* 

Artuli  56.  To  meafure  a  Triangle. 

Definition^  A  Triangle  is  a  Figure  having  three  Sides  and 
three  Angles.  There  are  three  Sorts  of  Triangles^  denominated 
from  the  Angles :  For^  if  one  of  the  Angles  of  a  Triangle  is 
an  cxafi  Square,  (which,  by  Mathematicians,  is'Calkd  a  r^it^ 
AngU)  fucb  Triangle  is  called  a^  rigbt-anglid  Trian^:   If 

R  2  there 
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there  is  no  right  Angle,  it  is  caHed  an  pbliqui^^mgkt  Tr{afl|(1e, 
of  which  thece  are  two  Kinds ;  if  all  fihe  tluree  Aagles  ar^ 
acute,  that  is,  each  lefs  than  a  right  Angle,  it  ia  called  9m 
acute- angled  Triangle;  but,  if  one  of  the  Angks  k  gioter 
than  a  right  Angle,  it  is  called  an  tbtuft'Ongled  Triangle* 

Rule.  If  it  be  a  right-angled  Triai^ik,  mukiipiy  the  8afe  by 
half  th^  Perpendicular,  or  half  the  Btfe  by  the  Perpendioular» 
and  the  Produd  is  the  Area  :  B«t,  if  it  be  an  oblique-aa^ed 
Triangle,  (whether  obtufe  or  acute)  multiply  half  the  Bafe  by 
the  Length  of  the  Perpendicular  let  fall  on  the  Bafe  fron  the 
Angle  oppo&te  to  it,  or  Jialf  the  perpendicular  KeigfM  by  the 
Bafe,  and  the  Produdl  is  the  Area*  The  longeft  Side  of  a 
Triangle  is  ufually  called  the  Bafe,  except  in  a  right-angled 
Triangle,  where  the  longeft  of  the  two  Leg^  which  include 
the  right  Angle  is  called  the  Bafe.      - 

The  right-angled  Triangle  ABC,  ]B 

right-angled  at  C  ;  the  Bafe  A  C  is 
21  Feet,  and  the  Perpendicular  BC 
15.5  Feet, 

15.5  Perpendicular. 
10.5  Half  the  BaCe. 


775 
1550 


162.75  Area. 

The  oblique-angled  Triangle 
ABC  being  given,  let  fall  a 
Perpendicular  from  the  Angle  at 
B  on  the  Bafe  A  C,  and"  that 
Perpendicular  is  the  Height  of 
the  Triangle.  The  Bafe  A  C 
being  28.6,  and  the  Perpendi- 
cular BD  10,  to£nd  the  Area? 


14.3  Half  the  Bale. 
10  Haight  of  the  Tiiaagle. 


143.0  Area. 

And  here  the  Learner  may  cbferve,  that  this  Way  of 
mcafuring  an  oblique-angled  Triangle  is  the  fame  with  the 
mcalkiring  a  right-angfcd  Triangle.  In  this  Place,  therefore, 
it  may  be  proper  to  inik u£l  the  Reader  in  one  of  the  Pio- 

I  pertie$^ 
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perties  of  a  right-anded  Triangle:  Whiich  is  this»  that  this 
Square  of  the  longelf  Side  of  a  right-angjcd  Triangle,  ufua% 
called  the  Hypothenufe,  -is  eoual  to  the  Sum  pf  t|ie  Squares  of 
the  two  other  Sides,  ufually  called  the  Legs^  This  is  the 
lbrty*fei!«fitb  Pfopofition  of  the  firft  Book  of  Euclid  x  For 
the  finding  of  which  Pythagoras  is  faid  to  have  facri/iced  "a 
Hecatomb  to  the  Mufea,  it  ^ing  a  Thing  of  fucfa  confidera[)Ie 
Ufe ;  for,  by  this  Means,  any  two  Sides  of  a  right-angled 
Triangle  being  given,  the  other  may  be  found  by  comitiori 
Arithmetic.  Thiis,f«i  the  right-angled  Triangle  ABC,  tbe 
Bafe  AC  and  Perpendicular  BC  being  giveo,  the  Hypothenufe 
A  B  may  lie  found  by  extr?  %ing  the  Square  Root  of  the 
Sum  tS  tbe  Squares  of  the  Bafe  and  Perpendicalar. 

21  Bafe.  15.5  Perpendicular,  441 

ai  15.5  240.25 

•  •  • 

*      '   775  681.25(26.1  Hypo- 

775                                  4  (tbenufe. 

155  

441  ■  46)  2%l 

240.25  276 


■<^  ■  1 1  » I 


5" 

4 
And,   if  the  Hypothenufe  and  one  of  the  Legs  are  gtiren, 
the  other  may  be  bund  by  fubtra£ling  the  Square  of  the  given 
Leg  from  the  Square  of  the  Hypothenufe,  for^he  Square  Root 
of  the  Remainder  is  the  other  Leg.  ^ 

In  thefe  Opcratiina,  the  true  Length  of  the  ^d7  fought 
cannot  always  fae  ifound,  becaufe  the  Sum  of  the  Squares  of  the 
Legs,  or  4he  Drflerefice  of  the  Squares  of  the  Hypothenufe  and 
given  Side,  uorly  happen  to  be  Square  Numbers  :    In  which 
Cafe,  the  ExQraftion  may  be  continued  as  far  as  is  necefTary, 
in  order  to  come  as  near  the  Truth  as  may  be  judged  pi'oper. 
But  theae  ace  (bme  Square  Numbers  whofe  Sums  do  make  a 
Square:    Of  which  Sort  are  the  Numbers  3  and  4,   whofe 
Squares  being  added  together  make  25,  which  is  the  Square 
of  5 :  Tfoocdbre,  if  the  Bafe  of  a  Triangle  is  4^  and  the  Per- 
pendicular 3,   the  Hypothenufe  will  be  5  :    And,  if  any  of 
thefe  Numbers  are  multiplied   by  any  other  Number,   thofc 
Produds  will  be  the  Sides  of  right-angled  Triangles;   as  6, 
8,  10,  a^d  15,  20,  25.     Thus  Artificers,  when  they  fet  off 

thf 
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the  Corner  of  a  Building,  ufiially  meafare  6  Feet  on  one  Siit 
and  S  Feet  on  the  other,  then  laying  006  a  .ten-feet  Pol^  it 
makes  the  Corner  a  triie  right  Angle. 

jfrticli  sj.  There  is  another  Method  of  finding  the  Alta  of 
Triangles,  the  three  Sides  being  given. 

Rule*  Add  the  three  Sides  together,  then  uke  the  Half  of 
Aat  Sum,  and  out  of  it  fubtrad  each  Side  fevcndly  :  Mtiitiply 
the  Half  of  the  Sum  and  thefe  Remainders  oontinually  ;  tbeo 
cxtrad  the  Square  Rpot  of  this  Produfi^  which  will  be  the 
Area  of  the  Triangle. 

In  the  former  oblique  Triangle,  the  Bafe  AC  is  nvcn 
28.6,  the  Side  AB  is  i8.32>  and  the  Side  BC  is  16.69  tQ 
find  the  Area  ? 

28.6  31-76  J^»76  3i«76 

18.32  28.6  18.32  16.6 

x6.6  ■  ■ 


63.52  Sum. 


3.16 


13-44 


15-16 


31.76  Half  the  Sum^ 

31-76 
3.16 


20448.716084  (i4a.999 

X 


19056 
3170 
9528 

100.3616 
'3-44 

4014464 
40x4464 

30x0848 
X003616 


74)  J04 
96 


»mm 


Hz)  848 

564 

2849)18491 
25641 


m 


28589)  283060 

257301 


mm 


1348.8590104 
15.16 

80931594 

13488599 

6744299s 
13488599 


wm 


t859t9;  2575984 
2573901 


^i 


«■* 


•083 


20448.716084 


■•-• 


Vm 
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Thus  is  <4l.999  the  Area  of  the  Triangle,  wUch  is  withia 
1^0 1  Part  of  what  was  before  founds 

jinicte  58.  To  meafuic  a  Trapezium. 

Definition.  A  Trapezium  is  an  irregular  Figure^    of  four 
unequal  Sides^  and  unequal  Angles* 

Aile^  Draw  a  Diagonal  from  one  of  the  Angles  to  the 
9ppofite  Angle,  and  then  will  the  Trapezium  be  divided  into 
two  Triangles,  of  which  the  Diagonal  is  the  common  Bafe : 
Then  drawing  Perpendiculars  from  the  other  oppofue  Angles  to 
the  Diagonal,  add  tbofe  Perpendiculars  together  j  and  multiply 
the  Half  of  that  Sum  into  the  Diagonal,  or  the  Half  of  the 
Diagonal  into  the  Sum  of  the  Perpendiculars,  and  that  Produd 
fh  the  Area  of  the  Trapezium* 

In  the  Trapezium  A  fi  C  D,    /^        ^  jg 

the  Diagonal  AC  is  498>  the  ^  '"  - 
^Perpendicular  D£  lo«8,  and 
the  Perpendicular  BF  18.8: 
The  Sum  of  the  Perpendiculars 
is  19*6,  whofe  Half  is  i4«8, 
!which,  being  multiplied  into 
498^  gives  the  Area. 

498 
14*8 


3984 
I99Z 

498 


^370.4  Area  of  the  Trapezium. 

^rtici  59.  To  meaftire  any  irreeular  Figure. 

Jlnli.  Divide  the  Figure  into  Triangles,  by  drawing  Di« 
9gonals  from  one  Ande  to  anocjier;  thai  meafure  all  the 
Triangles,  by  either  of  the  Rules  already  taught  at  Art.  56  or 
57,  and  add  the  feveral  Areas  of  all  the  Triangles  together^ 
iprtiicb  Sum  will  be  the  Area  of  the  given  Figure. 

The  irregular  Figure  A  6  C  D  £  F  being  given,  divide  it 
into  Triangles  by  the  Diagonab  F  B,  EB,  and  DB :  Then 
may  the  Triangles  be  meafured  bv  letting  fall  Perpendiculars  on 
their  refpedive  Bales,  as  Bir,  B>,  Dr,  ¥  dt  and  muliipying 
tbofe  Perpendiculars  by  half  their  refpeAive  Bafe?,   according 

%Q  the  Rule  of  Art*  56 1  or  by  m^fiiring  the  Sides  of  each 

Triangle, 
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Triangle,  -and  itiuJtIplyhtg  the  A 

Half-Sum  of  the  Sides  of  each  "* 

into  the  Differences  betwixt 
the  Half-Sum  and  each  Side 
continually ;  then  extraft  the 
Square  Root  of  the  Produft,  T^ 
according  to  the  fLvUe  of  Art; 
57*  Thus  having  obtamedthe 
Areas  of  ail  the  Triangles,  add 
ihem  together,  and  this  will 
he  the  Area  of  the  given  Figure. 
In  the  Triangle  A  P  B  the 
Bafe  FA  is  lOo,  and  cfao 
Perpendicular  Btf  49  ;  in  the 
Triangle  F  BE  the  Baft  B  £  is  9I,  and  the  Perpendiculiar  FJ 
S2- ;  in  the  Triangle  £  B D  the  oxk  BE  is  the  fame  as  before, 
and  the  Perpendicular  Dr  44 ;  and  in  the  Trial^gle  DC B  the 
Bi(e  DC  is  80,  and  the  Perpendicular  B ^  38  ;  by  which  the 
Area  of  each  im^.be  found,  by  Art*  56^  as  follows. 


50  Half  A  F. 

49  Perpendicular  Btf, 


46  Half  B  £. 

52  Perpendicutar  F  d. 


450 
200 


2450  Areaof  AFB« 

46  Half  B  E. 

44  Perpendicular  Da 


92 
230 

239a  Area  of  F  B  E« 

3$  Pependicular  B  in 
40  Half  DC. 


1^20  Areaof  PCB^ 


2024  Area  of  E  B  D. 

2450. 
2392 
2024 
1520 

9186  Area  of  the  Figure  A  B C  D  E  F. 

In  dividing  any  irregular  Figure  Into  Triangles,  the  Triangles 
-^ill  be  lefs  by  two  than  the  Number  of  the  Sides  of  the  Figure, 

and 
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and  the  Diagonds  ieft  bf  three  tftsn  the  Naoiber  of  Sides* 
Thus,  in  the  peeimc  Cafe,  tlie  Figure  ha»  fix  Side«,  and  is 
divided  into  four  Triangles,  FAB^FBE^  EBD^  andDBC^ 
by  three  Diagonals^  BF^  B£^  and  BD. 


Jrticli  60.  To  meafiire  anijr  tegnlar  Pot)rgo4« 
Definition.  A  regular  Polygon  is  a  Figure  whofe  Sides  and 
Angles  are  alt  equal ;  thev  are  ufuall/  denominated  from  the 
Number  of  their  Sides :  Thus,  a  Figure  of  five  equal  Sides  is 
called  a  regular  Pentagon ;  of  frx  Sides,  an  Hexagon,  &c. 
Rule*  Multiplj  tbe  tiength  of  one  of  the  Sides  by  the  Num- 
,  ber  of  Sides ;   tlieir  nraitq>ly  this  FVodud  by  the  Half  of  a 
Perpendicular  let  tA\  from  the  Center  of  the  Figure  to  the 
Middle  of  one  of  tber  Sides,  and  the  Prodtift  is  the  Area  of 
the  Polygon. 

Ill  the  Pentagon  A  B  C  D  E 
each  Side  is  95,  and  the  Per- 
pendicular F  U  65.36,  (o  ind 
the  Area? 


95 
5 


475  Sum  of  the  Sidesj 
32,68  Half  the  Perp.  FG. 

|8oo 
K50 
950 
1425 


15523.00  Arest  of  the  Pentagon. 

Butj  fef  the  more  ready  meafuring  regular  Polygons,  the 
following  Table,  containing  Multipliers  for  all  regular  Figures 
from  the  Triangle  to  the  Dodecagon,  or  Figure  of  twelve  Sdes,. 
^11  be  of  Ufe  to  the  Learner.  The  Rule  for  making  the 
Table  will'  be  (hewn  at  the  End  of  the  Trigonometry. 


Humb^ 
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of  Sides. 

Nanes. 

Mukiplien. 

3 

4 

5 

.     6 

I 

9 

10 

II 

12 

Trigon 

Tetragon 

Pentagon 

Hexagon 

Heptagon 

Odagon 

Enneagon 

Decagon 

Endecagon 

Dodecagon 

.433013 

1.000000 

1.720477 
2.589076 

3-633959 
4.828427 

6.181827 

7.694209 

8.514250 

9.330125 

Now,  if  a  Side  of  any  of  thele  Figures  be  given,  fquare  the 
Side,  and  multiply  it  by  the  Multiplier  in  the  Tabk*  and  the 
Produd  is  the  Ana  j>f  the  Figure. 


Exam.  I.  A  Pbnugoa  whole 
Side  is  95  Feet, 

95 
95 


855 


Minm.  2.  An  0£bigpn  wliofe 
Side  is  67  Feet. 

67 

469 

402 


9025 
1.72  Multiplier. 


4489 
4.828  Multiplier. 


18050 

63«75 
9025 


15523.00  Area  as  before. 


359»a 
8978 

35912 

17956 


-      (OAagon* 
21672.892  Area  of  tbe 

Ejram.  i.  The  Square  of  the  Side  is  QO^St  wbidi  being 
multiplied  by  1.72,  the  Multiplier  in  tbeTable^  omitting  the 
other  Figurcrs,  as  the  third  Place  of  Decioiak  is  a  Cypher,  tbe 
Produ£l  is  15523,  for  tbe  Area  of  the  Pentagon,  as  before* 

The  other  Example  is  done  in  tbe  fame  Manner,  only  there 
I  have  taken  three  Places  of  Decimab  in  the  Multiplier,  tbe 
third  Place  being  8,  otherwife  two  Places  are  fufficient  in 
tnoft  Cafes.  -  i  7e 
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To  Meajure  a  Circle  and  its  Parts. 

Wiiat  a  Cifde  is,  and  how  dcfcribcd,  is  fo  wdl  known 
that  it  can't  be  ncccffary  to  define  it,  any  farther  than  to 
acquaint  the  Reader  with  the  Names  of  the  fcvcral  Parts  to 
be  meafured  or  refi^red  to  in  meafuringi 

In  the  annexed  Circle  AB  C  D, 
the  Arch-Line  A  BCD  is  called 
Che  Ptripbiry^  the  Length  of  which 
is  calM  the  Circw^innci :  Any 
Line,  as  DB  or  AC,  paffing  thro' 
the  Center  £,  cuts  the  Circle  into  I)| 
two  equal  Parts,  called  SimicircUs 
or  Half-Circles ;  and  fuch  Lines  are 
called  Dianuurs  of  the  Circle :  If 
two  Diameters  are  drawn  thro'  a 
Cilde,  at  right  Angles  to  each 
other,  then  is  the  Circle  divided  into  four  equal  Farts,  called 
J^fMdrants  :  Half  the  Diameter,  as  £  B,  is  called  the  Madius 
or  Semidiameterji 

« 

ArticU  61.  The  Diameter  of  a  Cirde  being  given,  to  find 
the  Circumference* 

Ruli,  This  may  be  done  by  either  of  the  following^  Pro*- 
portions ;  in  whole  Numbers,  as  7  is  to  22,  or  in  Dramab» 
as  I  is  to  3.i4i59>  fo  is  the  Diameter  of  a  Cirde  to  the 
Circumference. 

Exam.  A  Cirde  whofc  Diameter  is  17,  to  find  the  Cir- 
cumference? 

As7  is  to  22,  fo  is  17.  As  I  is  to  3.i4iS9»  fo  i?  i?* 

17 


17 


•■» 


»54- 

22 


2199113 


7)  374  (53-4  Circum- 
35  (Kreaoe. 

24 
21 


^■^ 


53.40704  Circiun- 
(ferenct. 


30 
28 


The 
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The  Anfwers  are  nearly  the  fame  in  both  $  but,  for  greater 
Expedition,  the  Multiplier  in  the  Decimab  may  be  reduce<^ 
one  Figure,  and  3.1416  may  be  ufed  without  any  fiMifible 
Diflference ;  by  which  the  Diameter  of  a  Circle  being  multi- 
plied, the  Produd  is  the  Circumference :  The  firll  Term  iq 
the  Proportion  being  i^  the  Work  of  Divifion  \%  renderecj 
ufeleis. 

Article  62.  The  Circumference  of  a  Circle  being  giveo^  to 
find  the  Diameter. 

Rule.  As  22  is  to  7,  or  as  i  is  .31831,  ib  is  the  Circunw 
ference  of  a  Circle  to  the  Diameter. 

Exam.  The  Circumference  of  a  Circle  being  473,  to  find 
fbe  Diameteif  i 

As  22  is  to  7,  fo  is  473.  A>  I  k  to  •31831,  fo  is  473« 

473  -S^SST 

7  473 

?*)33"{'50.S  95493 

22  222817 

■    ■■■■    '  ?^73H 


III 


no  150.56062 


no 


iio 


226.95  ^^3  <>'  ^  gxym  Cirde. 

ArticU 


Article  63.  To  find  the  Area  of  a  Circle. 

RuU.  Multiply  Half  the  Diameter  by  Half  the  CiroiBi*  / 
fericnce,  and  the  Produdl  is  the  Area. 

If  the  Diameter  is  given,  find  the  Circumference  by  Art.  61 1 
if  the  Circumference  is  given,  find  the  Diameter  by  Art.  62. 

Exam,  A  Circle  whofe  Diameter  is  17,  ind  Circumference 
53.4,  to  find  Cbe  Area  ? 

26.7  Half  the  Circumference. 
8.5  Half  the  Diameter. 

133s 

2136 
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JrfUli  64.  The  Diameter  being  given,  to  find  die  Am  of 
^  Cirde  without  finding  the  Ciicumfeience. 

Rule,  Square  the  Diameter,  t)|en  nlultipljr  the  Square  by 
•7853Q,  and  <che  Produd  is  the  Area  of  the  Circle  whaft 
)>iai]iccer  was  gtvctt. 

Exam^  Tbp  Di^mftcr  of  a  Ciide  being  17,  to  find  the 
A^^ca/ 

17  289 


119  706858 

17  628312 

157078 


289 


226.97771  Area  of  the  Circle. 

For  greater  Expedition,  the  Multiplier  may  be  .7854, 
which  will  be  fitfficicntly  exadl. 

Article  65.  Tke  Circumference  of  a  Circle  being  ghren,  to 
$nd  the  Area  without  finding  the  Diameter. 

Rule,  Square  the  Circumference,  then  multiply  that  Square 
by  •07958,  and  the  Product  is  the  Area  of  the  Circle. 

£jpqm^  The  Circumfeiipnce  of  a  Circle  being  53.4^  to  find 
the  Area? 

53.4  2851.56 

53-4  -07953 


2136  2281248 

1602  1425780 

2670  2566404 

1996092 


2851.56 


226.9271448  Area  of  the  Circle. 


The  Learner  may  perceive,  that,  in  the  three  cSlFerent 
Ways  of  finding  the  Ansa,  the  Differences  are  but  fmall,  tho' 
tbete  was  an  Omiffion  of  Ibme  of  the  Decimals  to  render  the 
Wprk  tefs  tedious. 

Artick' 
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Jriicle  66.  The  Dimenfioiis  of  any  of  the  Parfs  of  a  Circle 
given,  to  find  the  Side  of  a  Square  equal  to  the  Circle. 

XstU.  If  the  Area  of  the  Circle  b  given,  ezttaA  the  Square 
Boot  cf.  the  Ar^  which  will  be  the  Side  of  a  Square  equal 
to  the  Circle:  If  the  Diameter  or  Circumfereooe  be  givcn« 
£nd  the  Area  by  the  Rules  in  Art.  64  or  65,  and  extrad  the 
Square  Root  of  the  Area  feupd,  which  Root  will  be  the  Side 
of  a  Square  equal  to  the  given  Circle.  And  this  b  a  ggnerml 
JUUt  to  find  the  Side  of  a  Square  equal  to  any  fitperficial 
Figurgf  regular  or  irregular :  For  the  Square  Root  of  the  Area 
of  any  Figure  whatever  b  the  Side  of  a  Square  equal  to  the 
given  Figure.  But,  with  Rmrd  to  Circles,  if  the  Diameter 
is  given,  multiply  it  by  .886,  and  the  Produd  will  be  the 
Side  of  a  Square  equal  to  the  Circle  whofe  Diameter  was  fe 
given :  And,  if  the  Circumftrence  b  given,  multiply  it  hy 
.282,  for  the  Side  of  a  Square  e^ual  to  the  Circle  whofe  Cu^ 
cuffiference  was  fo  multiplied. 


Exam.  I. 

Let  the  Diameter  of  a  Cir- 
de  be  17,  to  find  the  Side 
of  a  Square  equal  to  the 
Cudc? 

.886 

7202 
886 


Exam.  2. 

The     Circumference    bdng 
;3.4,  to  find  the  Side  of  a 

luare? 

53-4 
.282 


1068 


4272 
ic68 


15.C62  Side  of  a  Square. 


Squari 


The  Learner  may  try  the  Truth  of  thefe  Operations,  by 
finding  whether  the  Area  of  a  Circle  whofe  Diameter  is  17  is 
the  iame  with  the  Area  of  the  Square  whofe  Side  is  15,062. 
The  fecond  Example  may  be  tried  in  the  fame  Manner. 

Article  67.  The  Area  of  a  Circle  being  given,  to  find  the 
Diameter. 

Ruli.  Multiply  the  given  Area  by  1.2732,  and  the  Produft 
b  the  Square  of  the  Diameter  $  then  extracting  the  Square 
Root  of  the  Prodttd,  you  have  the  Diameter. 


Exam^ 


^he  Miafuring  of  Superficies.    '  1^5 

Ejfam.   The  Area  of  a  Circle  being  226.9,   ^^  ^^  ^ 
Diameter, 

226.9  288.8437  ('6*99  Diameter.] 


m^mm 


6807  2^)  188 

15883  156 

4538 


aa69  329)  3284 

2961 


288.8437 


3389)  3^337 
30501 


1836  Remainder, 

jfrticli  68.  The  Area  of  a  Circle  being  given,  to  find  the 
Circumference. 

jRuIe.  Multiply  the  given  Area  by  12.566,  andextrad  the 
Square  Root  of  the  Produd,  which  Root  will  be  the  Circum- 
lierence  of  the  Circle  whofe  Area  was  fo  multiplied. 

Exam.  The  Area  of  a  Circle  being  226.9.  to  find  the 
Circumference  i 


12.566 

2851.2254(53.39  Circttinferenoe. 

226.9 

25 

113094 

103)  351 

75396 

309 

25132 

2513a 

X063)  4222 

3189 

2851.2254 

10669) 103354 

96021 

7333  Remainder. 

In  thefe  two  Examples,  the  Numbers  come  out  ibmewhat 
iefs  than  the  Truth,  but  near  enough  for  common  Ufe. 


Article 


r 


1^  MAtnEMAfI  C  S. 

Article  69.  The  Side  of  a  Square  being  given,  to  fin^  the 
Diameter  of  a  Circle  equal  to  the  Square  whofe  Side  is  giveiu 

Rule.  Multiply  the  given  Side  by  1. 1289  and  the  rroAid 
will  be  the  Dian^eter  of  a  Circle  whofe  Area  is  e^aal  to  the 
Area  of  the  given  Square* 

Exam,  The  Side  of  a  Square  being  I5«04»  to-  find  the 
Diasaeter  of  a  Circle  equal  to, that  Square  ? 

15.04 


MMP 


J  2032 

SOOT 

1504 

'      »S«4 

16^96512  Anfwer. 

Article  70.  The  Side  of  a  Square  being  given^  to  find  the 
Circumference  of  a  Circle  equal  to  the  given  Square. 

Rule.  Multiply  the  given  Side  by  3.5459  Md  the  PhxluA 
win  be  the  Circumlibrence  of  a  Circle  equal  to  the  given  Square. 

Exam.  The  Side  of  a  Square  being  15.049  td  find  the  Ci|« 
cymference  of  a  Circle  equal  to  that  Square  ? 

r5U54 

3-545 


iWN 


75ao 
6016 


752a 
45»3t 


53«3i68o  Anlwer. 

The  Truth. of  the  Operations  m  iht  two  laft  Aitfcles  the 
Reader  may  try  as  at  Art.  66. 

Article  71.  To  find  the  Area  of  a  Senticlrcle,  the  Diameter 
being  given. 

Rule.  Find  the  Area  of  the  Circle,  by  Art.  649  and  take 
the  Half  of  it. 

In  the  fame  Manner  may  the  Area  of  a  Quadrant,  of  a 
Quarter  of  a  Circle,  be  found,  by  taking  a  fourth  Part  of  die 
Area  of  the  whole  Circle. 

But,  with  Regard  to  meafuring  a  Sefior,  or  a  Segment  of  a 
de,  it  will  be  ncceflary  Jirft  to  ihcw  the  Way  to  ^nd  the 

-  Length 


the  Msafitring  if  SHpit^is.  jra; 

LcDffth  of  the  Arch-Line  of  a  Sedor^  and  the  Diameter  of 
tbe  Circle  to  a  given  Segment. 

ArticU  72.  A  Sedor  or  Segment  of  a  Circle  being  given,  to 
find  ifte  Length  of  the  Arch-Line,    ' 

Rule.  Divide  the  Segment  into  two  equal  Parts;  then 
mcafure  the  Chord  of  the.  Half- Arch,  from  the  Dcnible  of 
which  fubtrad  the  Chord  of  the  whole  Segment ;  and  one 
Third  of  that  Difierence,  being  added  to  the  Double  of  the 
Chord  of  the  Half*  Arch,  is  the  Length  of  the  Arch- Line. 

Exam.  In  the  Segment 
A  B  C  D  the  whole  Chord 
A  D  C  is  216,  and  the 
Chord  AB  or  BC  126,  to 
find  the  Arch-Line  ABC? 

126  Chord  AB  or  BC. 


252  Double  of  AB. 
12  j.  of  the  Difference  add. 


25a  Double. 

ai6A  D  C  fubtraacd.  264  Length  of  the  Arch  ABC. 

36  Difference. 

JrticU  73.  The  Chord  and  verfed  Sigh  of  a  Segment  being 
given,  to  find  the  Diameter  of  a  Circle. 

RuU.  Multiply  Half  the  Chord  by  itfelf,  and  divide  the 
Produa  by  the  verfed  Sine;  then  add  the  Qp^tient  to  the 
verfed  Sine,  and  the  Sum  is  the  Diameter  of  the  Circle. 

Exam.  In  the  Seg- 
ment A  B  C  D  the 
Chord  AC  is  7478, 
and    the    verfed  Sine 

A 


B  D  1694,    to 
the  Diameter  ? 


find 


'3739  H^^f  ^H? 
3739  (Chord  Ap. 


33651 
112 17 

26173 

11217 

I3980121 


[694) 


*     '^ 


til  MATHEMATICS, 

i 

1694) 13980121 (8252  D  E. 

13552        1694  BD  add. 

4281       9946  pi^mctcr  B  D  Et 
'       3i88 


^m 


893a 

«47P 


4621 
3388 


'm 


JrtuU  74*  To  mea&re  a  Sedor. 

Dtfinition.  A  Sedor  is  a  P9rt  of  a  Circle,  contained  betweea 
an  Arch-Line  and  two  Radii  or  Semidiameters  of  the  Cirdc  . 

RuU.  Find  the  Length  of  Half  the  Arch,  by  Art.  72;  then 
inultiply  this  by  the  B^diu^  or  Semldiaaieter»  and  the  ProduA 
is  the  Area. 

Mxam.  I.  In  the  Seftor 
A  B  C  D,  given  the  Ra- 
diusADdrDC36Feet, 
|he  Chord  A  C  63  Feet,  k 
and  the  Chord  A  B  or  B  C  ^^ 
35  Feet,  to  find  the  Area 
pf  thp  Sedor  ? 

35  Chord  A  B. 

r — ?  36.166  Half  the  Arcfa. 

•    70  36.  Radius. 


63  fubtraA. 


ti^immm 


21699^ 

3)  7  108498 


2.333  1301.976  Area  of  t^  Se^or. 

70   .    add. 


T^'ZZZ  Length  of  the  Arch  ABC,  by  Art  72* 


J 


Mx.  i.  In  Cbc  Se&ot  A3  CD, 
greater  than  a  Semiciffde,  given 
ue  Radius  AE  or  £  D  56,  the 
Chord  B  D  of  Half  the  ArcH 
A  B  D  102,  and  the  Chord  BC 
of  Half  the  Arch  B  C  D  60,  to 
Bod  the  Ana  of  the  SoStprt 
6oBa 
2 

•  ■ 

*  320 

*^2oa  fubtraA. 


Sffe9:ficii. 


126  Half  the  Arch, 
56  Radius. 


7056  Area  of  the  Sc&oti 
226  Length  of  the  Areh  BCD^  by  Art.  jl* 

Articli  75.  To  find  the  Area  of  a  Segment  of  a  Circfe^ 
D0finiti9n.  A  Segment  of  a  Circle  is  any  Part  of  a  Circle 
cut  <»  by  a  right  Line  drawn  crols  the  Circle,  w)ijch  dooi 
oot  pafi  through  the  Center;  for,  if  a  right  Line  paflea 
through  the  Center,  i^t  is  a  Diameter,  and  divides  the  Circle 
into  two  equal  Parts  called  Semicircles ;  but  a  Segment  19 
always  either  greater  or  lefs  than  a  Semicltck. 

.  EMom.  I.  To  find  the  Area  of  S 

the  Segment  ABC,  whofe  Chord 
AC  tt  86,  the  Chord  of  Half  the 
Arch  BC  52,  and  the  verfed  Sine   A., 
BD  29.24? 

RmU.  By  Art.  72,  find  the 
Length  of  the  Arch- Line  ABC, 
and,  by  Art.  73,  the  Diameter 
BF;  then  multiply  Half  the 
Chord  of  the  Arch  A  B  C  by  Half 
Ae  Diameter,    and  the  Produd  ^ 

IS  the  Area  of  the  Scaor  ABCE:  Then  find  the  Afrt  Of 
the  Triangle  A  E  C,  whofc  Bafe  A  C  is  86,  and  perpendicular 
Httigbt  D£  17,  found  by  fubtrading  the  verfed  Sine  $D 
from  Half  the  Diameter ;  and  the  Area  of  the  Triai^e  A  £  C^ 
being  fubtrafted  from  the  Area  of  the  SeSor  ABCE,  leave) 
the  Ar<a  of  the  Segment  ABC. 

T  2  52  BC. 


146 


^1  BC 

2 


43 


{ 


104 
86  AC  fubtraa. 

6 

104  add* 


129 
19.34} 1 849.00  (63.235  DBF. 

17544  *    29.24  BD  add. 


no  Arch-Lific  AJ^C. 


46.237  Radius. 

55  Half  the  Arch. 


231185 
^3"85 


(Se£bor. 
2543.035  Acea  of  the 


9460     92.475  Diameter  B  F, 
8772 


6880 
5848 


10320 

8772 


15480 

14620 


m^^mmmm 


860 


43  Half  the  Bafc  A  0. 
17  Perpendicular  DE. 


301 
43 


•    731  Area  of  the  Tijangr^ 

• 

Exam.  2.  In  the  Segment 
ABC  D,  greater  than  a  Semi- 
circle, given  the  Chord  of  the 
wh6le Segment  AD  68,  the 
Chord  A  C  of  Half  the  Arch 
A  CD  73,  the  Chord  A  B  or 
B  C  of  on^  Fourth  of  the 
Arch  A  C  £)  43,  and  the 
Radius  A  E  or  £  D  40,  to 
find  tne  Area  cf  the  Segment 
ABCD? 


^i43- 
731 

1 8 1 1  Area  oT  thb  S^ibbit. 


Firft 


ne  Mtajiri^  of  Supeffitks. 


Hi 


Firft  find  the  Area  of  the  Sedor  ABCDE,  by  Art.  72,  at 
the  fecoiid  Example  -,  then  find  the  Area  of  the  Triangle 
,A£  D,  by  Art.  56  •  and,  adding  the  Area  of  the  Triangle 
to  the  Area  b(  the  Scdor,  that  Sum  is  the  Area  of  Uie 
Segment. 


43  Chord  AB, 

2 


34  Half  the  B4fe  A  D. 
21  Perpendicular  £  68, 


86 


73  Chord  A  C  fubtraft. 


34 
68 


3)^3 


(ABD. 

714  Area  of  the  Triangle 
36 1 3.  ^  2  Area  of  the  Sedor  add« 


4.333 
86        Double  of  A  B  add. 


4327.32  Area  of  the  Segment* 


90.333  Arch-Line  ABC. 
40 


3613.326  Arfca  of  the  Sfc£br. 

The  Arch-Line  ABC  being  but  Half  the  Arch  of  the 
Se£tor,  multit>ty  it  by  40,  the  Radius,  and  the  Produft 
3613.32  ia  the  Area  of  the  Seflor;  to  which  adding  714^  the 
Area  of  the  Triangle,  their  Sum  4327.32  is  the  Area  of  the 
S^ment. 


j^tscle  76.  To  find  the  Area  of  an  EUipfu. 
,  Dtfimtkn.    An  EHipfis,    commonly  called  an  Oval,    is  a 
Curve  which  returns  into  itfelf  like  a  Circle,   but  has  ^two 
diiFerent  Diameters,  one  longer  than  the  other. 

Ruli,  Multiply  the  two  Diameters  of  the  EUij^fis  together ; 
then  DiiUkiplytng  that  Pi-odud  by  •78539,  or  .7854,  this  laft 
Produd  is  the  Area  of  the  Ellipfis. 

In  the  Ellipfis  A  B  C  D,  the  tranfverfe  or  longeft  Diameter 
3  D  is  44^  and  the  conjugate  or  (horteft  Diameter  A  C  36, 
to  find  the  Area  i 


44 


«4* 


MATHEMjirTCS. 


264 

*7»S4 

6336 

7920 
12672 
.   IIO8S 

^  1244.0736  Aran  of  the  ElCpfis. 

V 

Article  77*  To  meafure  a  Parabola* 

Difinithn,  A  Parabola  is  a  Figure  made  by  cutting  a  Cone 
[See  tie  Definition  tfa  Cene^  Art.  8l.]  by  a  Plane  parallel  to 
one  of  the  Sides :  But  the  Figure  will  give  the  Learner  a  better 
Idea  than  any  Definition. 

Rule.  Multiply  the  Bafe  by  the  Hdgbt,  and  that  Produfi 
by  2 ;  then  divide  this  laft  Produd  by  3)  and  the  Quotient 
is  the  Area. 

Exam.  The  Bafe  AC  is  12O9  Vt 

and  the  Height  BD  84,  to  find  '^ 

the  Area? 

120 

84 

480 
960 


10080 


3)  aoi6o  (6720  Area  of  the  Panbola  ABCB. 
18 


21 

21 


6 
6 


V>t 


\ 


(    '43    ) 
Tie  Meafuring  of  Solids. 

t 

THE  Iblid  Foot  ifi  oompofed  of  1728  Inches :  For  a 
Solid  that  is  i  Foot,  or  12  Inches,  every  Way,  the 
iblid  Content  is  1728  Inches,  as  appears  by  the  foU 
Jowing  Article. 

^rtUli  78*  To  meafure  a  Cube. 

Definition,  A  Cube  is  a  Solid  of  fix  emial  Sides,  each  of 
which  is  an  aa&  Square,  in  the  Form  of  a  Die.  * 

RmU.  Multiply  the  Side  by  itfelf,  and  that  Produd  by  the 
fime  Side,  and  this  hft  Produa  is  the  fdid  Content  of 
Cube. 


Exam.  The  Side  of  a  Cube  being  15  Inches,  or  i  Foot  and 
3  Uichesi  to  find  the  Content  ? 

1-25  is 

I.2S  J5 


62s  75 

250  1$ 


125 

mmmammmmmt 


225 
X.S-25  15 

I.2S    •  ■ 

■'■'   ■     '  ■■■  II25 

78125  225 

31^50 


15625  1728} 337<  (x.95  iblid  Codtent 

1728 


J.95312S 


16470 
>5552 

» 

540  Remainder. 

I  have  done  this  two  different  Ways,  that  the  Learner  may 
lee  they  come  out  the  fame.  The  Content  in  Inches  is  337 5, 
which  being  divided  by  1728,  the  Inches  in  a  folid  Foot,  and 
the  Divifion  continued  by  annexing  more  Cyphers,  it  witt 
^me  out  exaiSly  iMXi%i%  as  in  tlK  Decimal  Operation. 

ArtiHi 


144  MAtHEMJTlCS. 

Articli  79.  To  mcafure  a  Paralldopipedon, 

Definkiam.  A  Paralldopipedcm  is  a  Solid  of  tffffe  DimenGons^ 
Length,  Brcadtb,  and  Tluckiie& ;  as  a  Piece  of  Timber 
cxadly  fquared,  wbofe  Lepgth  is  more  than  the  Breadth  or 
Thickneft.     The  Ends  are  called  Ba&s,  which  are  equal. 

RuU,  Find  th6  Area  of  the  Bafe,  then  mulliplying  th^l  by 
the  Length,  it  gires  the  folid  Content. 

Exam.  I.  The  Side  AB  is  1.125,  and  the  length  CD  4,5, 
to  find  the  jblid  Content  ? 

T.125 
I.I  25 


5625 
2250 
1125 
1125 


1.265625  Area  of  the  Bafe. 
4-5 


6328125 
5062500 


5.6948195  iblid  Content. 

Exam.  2.  A  VeflH  1)eing  2.5  Feet  each  Side  within,  and 
3  Feet  deep,  to  find  the  Content  i 

2.5 

50 


.6.25 
3 


18.75  the  Content. 

• 

If  a  ^Piece  «f  Timber,  or  any  other  Thing,  is  of  an  equal 
Signed  through  its  whole  Lesg^ti^  itio'  Afft  is.a  Dij^ionmoe 
Jbetween  the  Qreadtb  and  Tkickneis,  4f  the  Bpeadtb  and 
Thicknefe  are  tfi^Uiplied  togeil^er,  ^nd  that  Pjodu^iiqukipKed 
ibj  tbi;  X^ngth,  this  kft  Psc^u^  is  the  folid  Contsfit.  The 
fame  is  the  Cafe  widi  Rig^d  -^o-ji  Ve/Ic]  of  three  .^ifiwAt 
Qimenrions,  as  a  Ciilern.  Exam^ 


tie  HAaJkntg  if  S$Uii.  t4| 

Mamn.  A  Piece  of  Timber  bdng  i  Foot  and  3  Inches^  of 
t5  Incbcft  broad,  9  lochei  thkk»  and  8  Feet  and  6  Inches 
or  102  Inches,  Ibng^  to  fiiid  the  Qwtcat? 

i5  iiiciiea. 
9  Inches. 

102  lochei. 


•9375  ^70 

»S  -  «3SO 


4687s  17*8)  » 3770  (7-96875 

75000  12096 


7.9687I  GoAtent  16740 

J555a 


tn  this  Operation  the  Inches 

nic  changed  into  the  Decimal  it 880 

Fnftions  of  a  Foot^  by  Ar«  X0368 

tide  48t  *    :■'  " 


iSifto 
13824 

iiii     ii 


X2960 
12096 

8640 

0  8640 

o 

ArtictiZb.  To  measure  a  Cylinder. 

Difimtun.  A  Cylinder  is  a  round  Body,  whofe  Bafes  are 
Circles,  like  a  round  Column,  or  a  RoUing-Stone  of  a 
Garden. 

Avlr.  The  Diameter  of  the  Bafe  being  given,  find  the  Area, 
by  Art.  64 ;  then  multiplying  the  Area  of  the  Bafe  by  the 
fengtb,  that  Produd  is  the  C^tent  of  the  Cylinder. 


I4«  MAtHKMAttCS. 

Exam.  The  Diameter  of  the  Bafe 
A C  bcios  %  Feet  an4^6  Incbei,  and  the 
Length  sD  3  Fee;c  and  9  Inch^,  to 
find  the  Content  ? 

If  the  Inches  ate  changed  into  the 
Decioud  Fra£kions  of  a  Foot^  as  in  the 
laft  Anide,  tfaen, 

2.5  Feeg  Diameter  of  the  Bafe. 


50 


iM 


f>a$ 


•7854 
6.25 

39270 

fS708 
471*4 


4.9086510  Acea  of  the  %%%, 
.     3.75    Length. 


^^ 


MM  tl»     •    I 


2454325 
343605s 

-  H7»59S 

18.4074375  Content. 

The  deader  iaay>  for  his  Pradice,  reduce  the  Dii 
to  Inches^  wd  find  the  (olid  Content  in  Inches^  which  bemg 
divided  by  l^^iy  the  Qjioticnt  will  be  the  folid  Content  in 
Feet,  as  in  the  la^  Article. 

This  is  a  general  Rule  for  finding  the  Content  of  any  fbaight 
folid  Bo^t  Qf  ^ual  Bignels  from  End  to  End,  of  whatever 
Form  the  Ba&s  are ;  For,  if  the  Area  of  the  Bafe  is  multiplied 
by  tibe  Length,  the  Produd  is  the  folid  Content.  In  fuper* 
ficial  Meafure,  we  have  given  Rules  for  computing  the  Area 
of  all  Kinds  of  Figures ;  and^  ip  Art«  6O9  a  Table  of  t^ti- 
pliers  for  all  regi3ar  Figures:  It  will,  therefore,  be  fuper- 
fhxnis  to  trouble  the  Learner  with  Examples  of  trtanguhr  cy 
multangular  Prtfins. 

Jrticle  81  •  To  meafure  a  Cone. 

Dijhitkn.  A  Cone  is  a  SoUd,  which,  hem  a  dicuhr  Biil^ 
leflTeiii  j^gularly  'till'  it  ends  in  «  Pbint  at  the  T^^  In  tl)e 
Form  of  a  Mnindl  Spire. 

Rttli.  Having  the  Diameter  of  the  Bafe,  find  the  Area,  by 
Ar^  64;  then  multiplying  fhe  Area  of  the  Bafe  by  one 
Third  of  the  perpendicular  Height^  that  Prodttd  is  tiie  Con- 
tent of  the  Cone.  Exm. 


I 


f3t  MkKJ^fing  9f  StIiJK 
Bpafti.  Thepimmmm  AC  bsng  26^  ud 
dw  Height  BO  60,  Mfiod  daConnalf 


ur 


•7854 
400 

314.16J00  AreaofthcBAfe. 
^  ao       -}  of  tbe  Height. 


6083.10  Centeat. 

JrtUU  di.  To  mafiiA  ^  Fruftun  of  a  Cons, 

Dtfinititn.  The  Fruftuifi  of  a  Cone  ia  the  Part  that  rsauim 
when  the  Top  i>  cut  off  by  si  Plane  parallel  to  the  Bafc. 

RmU.  Multiply  the  Diamctera  of  ttw  two  Bate  together,  and 
to  thu  ProduA  add  oae  Third  of  the  Square  of  the  Diffcrenoe 
of  the  Diaineten ;  then  multiplying  this  Sum  by  •7834,  it  wilt 
be  a  mean  Area  between  the  two  Bafes,  which,  being  tnuU 
U'plied  by  the  Length  of  the  Fruftuoa,  gives  the  folid  Content. 

Ex.  The  former  Cone  being  cut  off  in  the  j^q 

Middle,  the  greater  Diameter  A  D  is  20,  the       ;r  i^^l  C 
,  leffer  Diameter  B  C  10,  and  the  Height  EF  '^^^ 

30,  to  find  the  Content  of  the  Fruftun  i 


200 
33-333 


3}  100  Square  of  the  Difference. 
33-333  T  of  the  Square. 


183.2507382  mean  Area. 
30 


5497.7921460  Concent  of  the  Ftuflum. 
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The  Mid  Contflat  of  the  FruftiMn  it  S497^9  ^  ^"^*  ^^^ 
Corie  that  was  cut  off  is  meafafedt  (whoie  Diainecer  at  the 
Bafe  B  G  is  lo,  and  perpendicuhr  Height  30^  found  by  fubr 
tra£ting  the  Height  of  the  Fniftuoi  ifoqi  the  Height  of  the 
Cone)  the  Content  wil|  be  found  785.49  whi^h  being  added 
to  the  Content  pf  the  Fruftum  is  6283.199  which  ia  the  Coor 
cent  of  the  whole  Cpne  within  left  than  one  hundredth  I^  s 
and  even  tl^at  Difieren^e  ia  owing  to  the  Defcfi  'm  t^kipg  tb^ 
third  P^f  of  the  Square  0/  the  Oi^RBrence  of  the  Bafes. 

Jriich  83*  To  nt^afiire  a  Pyntnid. 

Definition.  A  Pyramid  is  |  Solid,  which,  from  a  trianguhtf 
or  other  figured  Bafe,  leflens  regularly  'till  it  ends  in  a  Point. 

fiuli..  Find  thfr  Area  of  the  Bafe,  whether  a  Trian^ 
Square,  Heptagon,  or  the  like,  by  the  Rules  laid  down  in 
Superficial  Meafure ;  then  multiplying  the  Area  of  the  Bafe  by 
one  Third  of  the  Height,  that  Prodiid  is  the  foltd  Content  ot 
the  Pyramid, 

Exam,  f .  A  quadrangular  Pyramid,  the 
Height  BE  being  75,  and  each  Side  of  the 
Bafe  iS,  to  find  the  Content? 

18 
j8 


18 


324  Area  of  the  Bafe^ 
25  I- of  the  Height. 


1620 
648. 


8100  Content 


Exam*  2«  A  triaiinilar  Pyramid,  the  Height  BE  being  96, 
and  each  Side  of  the  Bafe  25  s  and  the  Bafe  of  this  figure  being 
a  Triangle,  let  th^  perpendicular  Height  D  £  be  21.65}  to. 
find  the  Content  ? 


•  •  •       V 


al.65  p^- 


9%^  S/baJkring  of  Solids.  149 

21.65  Porpendicular  DE. 
tz-S  Half  AC. 


10825 
4330 
2165 


270.625 

32  y  of  the  Height. 


54"50 
811875 


8660.000  Coatent. 


^riiclt  84.  To  itKiirure  the  Fruftum  of  a  Pyramid. 

Dtfiiiiiuii,  The'  Fruftum  of  a  Pyramid  is  what  mnains  after 
the  Top  ii  cut  off  by  a  Plane  parallel  to  the  Bafe. 

SmU.  Multiply  the  Side  of  the  greater  Bafe  by  the  Side 
of  the  lefier,,awl  to  the  ProduA  add  one  Third  of  the  Square 
of  the  Difference  of  the  Sides  :  If  it  is  a  quadrangular  Bafc,  thb 
it  the  mean  Area  between  the  Bates ;  but,  if  the  Bafe  is  any 
other  regular  Figure,  take  the  Multiplier  in  the  Table,  Art. 
0O>  by  which  multiplying  this  Sum,  (he  Piodud  is  the  mean 
Area  between  the  &re> ;  •  Laftly,  multtplytiig  this  by  the 
Height,  it  gives  the  Content  of  the  Fruftum. 

Exam.  I.  The  Side  of  the  greater  Bale  p 

AD  18,  as  before,  iheSide  of  thcleffer  BC  ° — ' '^ 
6,   and  the  Hci^t  £F  50,    to  find  the 
Centemr 

18  18  156 

6  6  50 

108  12  Difference.        78ooCoot«nt.    A  & 

48  12 

1 56        144  Square  of  the  Difitrrnce, 

48  j-of^Ss'"^'^ 
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Exam*  %.  The  Side  of  *the  greater  Bafe 
AC  25^  as  befiore,  the  Side  of  the  leilir.    J] 
Bafe  BD  12.5,  and  the  Height  £F  48,  to 
find  the  Concent  ? 

11.5  25 

25  1 2.5 


ifMT 


625  12.5  Difference  <rf    A 

250  t2.5       (the  Sides. 


asE 


Mhiw*  «i 


3*2.5  625 

52*08  250 

»    '  '  ■■  125 


3)  156.25  Square  of  the  Dif{erence« 
52.08  4- Of  the  Square. 

364.58 
♦433 

•    nil      iij  M>i     - 

109374 

re>9374 
»4S83» 

157.^1.3.14  mean  Areai4 
48         Height. 

U      III  I  II  Ml      *' 

126290 
63145  -  -       - 

7577.40  Content. 

When  one  Third  of  the  Square  of  the  DiiFerefice  is  added 
J>o  the  Rectangle  of  the  Sittes  of  the  Bafes,  multiply  by  .433^ 
fKe  tabular  MultipKer  fbr  Triangles,  Art.  60,  \rhich  ghpei 
157.869  the  other  Decimals  being  cut  o(F.  to  iiorten  the 
Work;  only,  in  multiplying,  remember  to  add  wb2t  is  CO  be 
carried,  that  is,  2  when  you  multiply  by  8,  for  8  times  3  is 
24,  and  I  when  you  multiply  by  4,  for'4  times  ^\&  r2. 

If  the  Pyramids  that  were  cut  ofT-  are  meafared,  by  Art.  83^ 
9knd  their  Content  added  to.  the  Content  of  their  refpe^^ive 

Frufiums, 


FniftumSy  they  wil)  be  the  fame  s^  the  Conteot  fovnd  in  that 
Article,  nbatine  what  may  be  Ipft  in  retrenching  the  Decimals* 
The  Bafin  of  there  Pyramid^  arc  the  fam?  with  the  lefler  Qar^ 
of  the  Fruftums:  The  Height  of  the  triangular  Pyramid  that 
was  cat  off  is  489  and  the  Height  of  the  auadrangular  25^ 
fpua4  as  »t  Art.  82 ;  The  Arcs  of  the  iirft  will  be  found 
1082.5,  and  of  the  other  300,  which  the  Learner  may  Uy 
for  his  Exercife  and  Improvement. 

Article  85.  To  meafure  a  Globe. 

Difinitiom^  A  Glttbe  is  a  round  folid  Body,  in  tho  Middle 
of  which  is  a  Pojor,  from  which  all  Lines  drayra  to  the  Sur- 
bct  are  equals 

Smk.  Ctib«  tlM  Diameter,  then  multiply  that  Cttb#  by 
«S^S^t  <^  thtt  Produft  is  the  f^  Content  of  the  Qlobc 

Ex9m.  The  Piametcr  of  a  Globe  is  3  a,  to  find  the 
Content  i 

3-2 


64 
96 


10.24 

2048 

3072 

32.768 

.5236 

196608 

98304 

655  3^ 
163840 


iv«l 


17.1573249  Content. 

If  the  Circumference  of  the  Gkbc  is  given,  cube  the 
Circumference,  and  multiply  tht  CuW  by  .016887  ^  ^^^ 
Content. 

Ariick 


152  MAfBEMJrtC  S, 

Jrtule  86.  To  meaflire  the  Surfiux  of  a  Glote. 

RuU*  Multiply  the  Circumferehce  and  Dianieter  tc^etberi 
and  the  ProduS  is  the  fupcrficial  Qonteiic,  or  Area,  of  tbc 
Siir^ibce  of  the  Globe* 

Exam.  The  Diameter  of  a  Globe  being  3.2^  to  find  iH 
Area? 

3'^  -J* 


62833  26x06 

94248  30159 

(by  Art,  61.  ■     (Surface. 


10.05312  Ctrcumferbnce^  32.1696  Area  of  the 

Article  87.  To  meafiire  the  Solidity  of  a  Fruftum  or  Segaicat 
of  a  Globe. 

Definition.  Tbe  Fruftum  of  a  Globe  k  any  Fart  cat  off  by 
a  Plane. 

Ruk.  To  three  times  tie  Square  ci  the  Semidiimeter  of  the 
Bafe  add  the  Square  of  the  Height ;  dien  multiplying  that  Sum 


by  the  Het^t,  and  the  Produft  by  .5236,  it  ghres  the  Ibiid 


Content. 


Bxam.  The  Height  BD  being  12  Inches^  and  tbe  Diameter 
•f  the  Bafe  A  C  26  Inches,  to  find  the  Content  ? 

13  Semidiameter.     12  Height. 

13  12  I> 


39  ^+4 

169  7812   A- 

3  5236 

507  46872 

144  23436 

I56H 

651  39060 

,       131  t  I      ■     Nil  III 

*—  4090.3632  folid  Content* 


B 


I 


4nkU 


f^^^t 
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.ArticU  in.  X9  jQcafiif  Q  tbe  Syri^ce  of  a  Fruftum  or  Segment 
bf  a  Globe. 

Rule*  Find  the  Domteter  of  the  Globe^  by  Art.  73,.  and 
the  Superficies  of  the  whoK  Globe,  by  Art.  06  \  then  lajr,  as 
the  Diameter  of  the  Globe  is  to  the  Height  of  the  Fruftum, 
lb  is  the  SuperiBcies  of  the,  Globe  to  the  Superficies  of  |he  curve 
Part  of  the  JFruftum ;  then  find  the  Area  of  tht  Bafe,  by 
Art.  64,  and  idd  thefe  two  together,  which  Will  be  th^  wbob 
Surfiwe  of  tte  Fmftiun. 


Exam.  The  Dtt^neter  A  €  Uiag  7k»  and  the  Height  B  E 
>3,  to  find  the  Superficies  ? 

36  Half  the  Dia- 
2^  (metm 


iif       «3 

M7 


!*• 


i^%l%  ii^  1^  Ip  is 394.08 


».► 


lit  39408 


••  •- 


taS-ja  1 12)  512.304(4574 

31416  448  •  •  • 

3x4*^ 


■*|i*W^ 


''^— ..  643         ■  .} 

^51.859112  Civcmnlbrenee.  560 


703715 

I5W59 

35 '859 


«■ 


394cfi«2Q|B  Area  of  the  Surface  of 


mmmm* 


(the  Globe.  l6 

5184  Square 


154  MA  THEMJriCS. 

5 184  Square  of  the  Diameter  of  the  Bafe. 
•7854 


20736 
25920 

A1472 
36288 


407 1 .5 1 36  Area  of  the  Bafe  of  the  Fruftusu 
4574  Area  of  the  curve  Sur&ce  add. 


8645.5  Area  of  the  whole  Sqsment. 

The  Operatioa  explained  :  Squaring  the  Half  of  the  Dia- 
meter of  the  Bafe,  and  dividing  by  the  Height,  or  verfbd  Sfaie 
B  £,  the  Quotient  is  the  Refidue  gf  the  Diameter  of  die 
Globe  ^  to  w^ich  adding  the  verfed  Sine  13,  it  gives  1x2 
for  the  whole  Diametei* :  Then,  bv  Art.  61,  finding  the  Gr« 
tumference,  and  multiplying  that  oy  the  Diameter,  the  Pfeo* 
dud  39408  (omitting  the  fradional  Part)  i$  the  Area  of  the 
Sur&ce  of  the  whole  Globe :  Then,  by  the  Rule  of  Three, 
finding  the  Area  of  the  Segment's  curve  Surftoe  45749  vve 
next  compute  the  Area  of  the  Baie,  by  Art.  63;  and^  adding 
thefe  Sums  together,  we  have  8645.5  <br  the  Area  of  the 
Sur&ce  of  the  whole  S^ment  or  Frulfum* 

As  to  the  meafuring  the  Surfaces  of  the  other  Solids,  I  efieem 
It  ufeleis,  fince  .the  Rules  laid  down  in  fuperficial  Meafiire 
are  fufficienc  to  find  the  Superficies  of  any  of  the  fin^going 
Bodies :  Unleis  it  is  neceflary  to  inform  the  Learner,  that  the 
curve  Surface  of  a  Cone  is  a  SeSor,  wbofe  Arch-Line  it  equal 
to  the  Cone's  Bafe,  and  the  Radii  equal  to  the  Side  of  the 
Cone  }  fo  that,  if  Half  the  Circumference  of  the  ConeTs  Bafe  is 
multiplied  by  the  Length  of  its  Side,  the  Produd  is  the  Area 
of  the  curve  Sur&ce ;  to  which  if  the  Area  of  the  Bafe  is 
added,  the  Sum  is  the  Area  of  the  whole  Surfiice  of  the  Cone^ 

,jtrticU  89*  To  meafure  a  Spheroid. 

DefipUion.  A  Spheroid  is  a  folid  Body  like  an  Egg,  onlf 
both  its  Ei>ds  are*the  fame, 

^»/dMultiply  the  Square  of  the  Diameter  of  the  grotcft 
Circle/K»t  is,  the  Diameter  of  the  Middle,  by  the  Length ; 
then  multiplying  that  Produ^  by  .5236,  this  ProduA  is  life 
folid  Content. 


« 
• 
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'  E^iam.  The  Diameter  AC  being  24^  and  the  Length  BD 
3O9  to  find  the  Content  f 


24 
2t4 


17280 

•5*36 

t->  ■ 

103680 
51840 

34560 
86400 

17  280  9047^0^  iblid  Content. 

Art.  QOt  To  find  the  Side  of  %  Cube  equsd  to  any  fohd  Body. 

Sjdi.  The  folid  Content  of  any  Body  being  given,  extraA 
the  Cube  Root  of.  the  given  Solidity,  which  will  be  the  Side 
of  a  Cube  equal  to  the  Body  whofe  folid  Content  was  fo  given, ' 

Exam^x.  Find  the  Side  of  a  Exam,  2.  Find  the  Side  of 

Cube  equal  ta  a  Globe  whofe        a  Cube  equal  to  s^  Sfrfieroid 


Content  is  16974.593;, 

^6974-393  (y^7  Side,  of 
8  (the  Cubci^ 


whofe  Content  is  9047^808. 

0047.808  (20.8  Side  of  the 
8  (Cubc^ 


8974 
1200     ' 
60 

1260 

as 

300 

1200 
1525 

5_ 

7<>a$ 

J349S93 
187500 

750 
188250 

49 

5250 

187500 
192799 

7. 

iJ49S93 


1047 
1:^0 

60 

1260 


*'*?? 


1047808 

120000 
600 

X 20600 

4800 
120QOO 


#^ 


,N 


124864 

8 

998912 


48896  Remainder. 


X  ^ 


;rf 
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If  the  DimeiifiQm  of  any  folid  Body  were  given,  tiid  it  wai 
required  to  find  the  Side- of  a  Cuba  that  ig  eqval  to  that  (olid 
Bcxiy,  find  the  Content  of  the  given  Body,  by  the  Rula 
already  laid  down,  and  extradt  the  Cube  Root  of  that  Number, 
which  will  be  the  Side  of  the  Cube  required. 

J f tide  9 1.  To  m^fure  the  Solidity  of  aoy  ir^q;ular  Body, 
wifofe  Dimenfions  qmnot  be  taken. 

Get  any  regijar  Y^U  either  fqiMre  tr  round,  and  into 
it  put  the  Body  to  be  meafured  ;  theh  pour  Water  into  the 
Veflel  fo  as  to  ^ov^r  the  Body,  and  meafurc  the  dry  Part  froa 
the  Top  of  the  VelTel  to  the  Surfisies  d(  the  Water ;  then  take 
out  the  Body,  and  meafure  again  from  the  Top  of  the  Veffd 
to  the  Water,  and  FobtraA  tike  irft  VlaSutn  ArMi  tte  ftoand, 
which  is  Che  Fail  of  the  Water :  Tb»,  if  the  Veflfel  is  (quare, 
meafure  one  Side  and  multiply  ft  by  itMf,  ani  tbit  P^odoA 
by  the  Fall  of  the  Water,  wi^th  Uft  PraduA  b  the  CoMM 
of  the  Body  :  ^ut,  if  it  ii  a  iQn^  Square,  aa«  Ciftem,  onpl* 
tiply  the  Length  by  the  Breadth^  and  Ihac  Proda^  bj  tb» 
]fall  of  the  Water :  Or.  laftly,  if  it  is  a  round  V^Qel,  Ujusfl 
the  Diameter,*  and  muftipHy  the  Square  by  •71^54,  and  that 
Prodad  by  the  FaQ  of  the  Watfer^  which  givM  MM  lUid 
pontest  of  the  Body* 

Exam.  !•  A  Body  being 
put  in  a  Ciftern  2  Fd^  wide» 
and  4  Feet  long,  the  Water 
funk  9  Inches.  WhaiwaKtha 
Content  of  the  Bqjdy  t 


Exam.  I.  A  Body  tteiag 
put  in  a  Veflel  18  Inches 
fquare,  the  Water  funk  6 
Inches.  What  was  the  Con- 
tent of  the  Body  I 


75 
^5 


2.25  (Inches. 

.5  Decintadoffii 


4 

2 

8         (Inches. 
.75  Decimal  of  9 

40 
56 


1. 125  Contcttt. 


6.00  Contefft. 


Exam.  I.  Eighteen Ttiche^  is  x.5  Foot;  which  being  fquared 
is  2.25  Feet,  and  that  being  nnultiplied  by  .5,  the  Decipial  of 
6  Inches,  gives  1.125  ^^^^  ^  which  is  \  Foot  and  ai>  eighth 
Part  of  a  Foot, 

0/ 
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Of  Board  and  Ttmber  Mea/ur$. 

Tj)0  Mealuring  of  Boardsls  fuperfiqial  Mcaforo,  the  Thicl^n^fi 
of  a  Board  not  being  taken  into  the  Aocount  in  ineafiiripg  i  fy 
that  a  Board  is  a  Paralldograin,  the  Meafuring  of  which  is  taught 
Art.  53.  In  regard. to  bow  much  in  Lmgjth  is  required  to 
make  a  Pool  to  any  affigned  Br^dth,  there  is  a  Table  on  the 
Joint-Rules^  which  every  Carpenter  is  acquainted  with ;  an4 
vfhen  any  Breadth  is  given^  to  find  how  much  in  Length  makes 
a  Foot,  dividf  144^  thp  SqM«i^  locbe^  io  a  Foott  by  the  given 
Breadth^  and  the  C^otient  is  the  Number  pf  Inches  required  to 
oiafce^Poot. 

Exam*  u  A  Board  being  Exam.  2.  A  Beafd  ^ing 

1 8  Inches  brood,  how  many  6  Inches  broad,  \^^  many 

Inches  in  Length  go  to  a  Inches  make  a  P'oot  j 
Foot  f  -          . 

rf):X44C8  6)l44(H 

t44  ^  H 

Anfwer  %  Inches.  •  AnC  24  Inches,  or  2  Vpft. 

Of  Timber  there  are  three  different  Sorts^  If  it  is  (quare, 
and  of  the  fiime  )9igne&.  all  the  Way,  it  is  a  Parallelopipedonj 
the  Meafuring  ef '  which  is  taught  Art.  79  j;  if  if  is  higgler  %t 
one  End  than  the  other,  it  is  a  Fruftum  of  a  fquare  Pyramid, 
the  Meafuring  of'  which  is  taught  Art.  84 ;  and,  if  it  be 
round  Timter,  it  is  the  Fruftum  of  a  Cone,  the  M«ifuring  of 
which  is  (hewn  Art.  82* 

But  there  is  ^  cuftomary  Way  of  meafuring  both  round  and 
fquare  Timber,  Which,  tho'  it  be  erroneous,  is  ufed  by  all 
Dealen :  It  will  therefore  be  ufelefs  to  repeat  what  has  been  fo 
often  proved,  of  the  £rrors  of  thofe  Rules.  In  round  Timber, 
they  jufvally  girt  ihe  Piece  in  ihe  Middle  with  a  Cord,  which 
they  divide  mto  fp^ir  Parts ;  thi^  fourth  Part  of  the  Circumfe^ 
rence  they  ^11  the  Side  of  a  Square  equal  to  the  Circumfe* 
renct ;  this  fourth  Part  fquar'd,  and  the  Sauare  multiplyM  bf 
t<Te  Length,  t}iey  call  the  fplid  Content:  In  which  there  ai;e 
two  Errors  ;  fox  the  Bignefs  in  the  Middle  is  nofa  Mean  be- 
tween the  greater  and  Idfer  Safes,  neither  Is  the  fourth  Part 
of  the  String  equal  to  the  Side  of  a  Square,  f>f  ^u^l  Area  with 
the  Circumference:  And  as  to  tlie  Timber,  after  it  is  fquar^d, 
if  the  Sides  are  unequal,  they  add  th^  tw9  Sides  togetherj^  and 

tokc 
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take  the  Half  of  that  for  a  mean  Side ;  whidi  b  another  Error^ 
tho'  not  of  b  mxkYk  Coiifix]uence'  as  thbfe  rdattng  to  round- 
Timber  :  But,  by  Means  of  thefe  fucceffive  Errors^  a  Pieot  of 
Timber,  when  fquar'd,  contains  more  Feet  than  when  it  was 
round.  It  will  therefore  be  proper  to  work  an  Eidunple  each 
Way,  that  the  Difference  may  be  fcen* 

Exam.  t.  A  Piece  of  round  Timber  being  15  Feet  Iong» 
and  Girt  in  the  Middle  42  Inches,  bow  much  Timber  is  con- 
tain'd  in  it  ? 

4]  42.0  ( 10.5  one  Fourth  of  the  Girt« 


•875  Decimal  of  10  4.'  Girt  42  Inches  <v  3*5  Feet« 


•87s 


(Inches* 


4375 
6x25 

7000 

.765625 

——II    ■        1 


•07958 


«■ 


372812s 

'  765625 

B  •     «  • 

11.384375  Content. 


9800 
6125 
11025 
8575 

•974855I0 

5474*75 
974855 

15.0228^5  Contenti^ 

According  to  the  common  Way  of  Meafuring,  this  Piece 
contains  1 1  Feet  and  about  a  Quarter  and  Half-Quarter ;  but 
by  fquaring  the  Ciicumference,  and  multiplying  the  Square  by, 
.07958,  as  Uught  at  Art.  65>  and  multiplying  that  ProduAby 
the  Length,  which  is  the  true  Method,  we  have  15  Fqcc* 
which  is  a  confiderable  Difference ;  and  this  Difference  wouI4 
be  increafed,  if  a  mean  Bafe  were  to  be  taken,  which  tbi?  Cir- 
cumference in  the  Middle  is  not. 


Bxanu 


^ie  Mgafurh^  of  SoBds. 


^59. 


ExUm.  t.  A  Piece  of  fquared  Timber  being  g  Inches  wide, 
X0.5  Inches  deep,  ind  16  reet  loog,  bow  much  Timber  is  con* 
iuia'dinii? 


•875  Decimal  of  10  i  Inches. 
-75  Decimal  of  9  Inches. 


2)  ,1625  (.8125  mean  Side. 


.8125 
16 

48750 
8125 

12.9900  Content. 


.   •   » 


.875  Decimal  of  10  I  Inches.       «65525o(.8og  mpan  Side, 
•75  Decimal  of  9  Inches.  64 


4375 

6125 

1609) 

15250 

1 448 1 

•6562]^ 

769  Remainder, 

• 

.8oq 
16 

* 

4854 
809 

. 

12.944 

Content. 

In  this  Example  the  Difference  is  but  little,  as  I  obferv'd 
before,  being  not  one  Tenth  of  a  Foot. 

To  find  how  much  in  Length  is  requir'd  to  make  a  Foot  of 
Timber  to  any  given  Square,  there  is  on  the  two- foot  Joint- 
Riites  a  Table  of  Timber- Meafure,  on  the  coTitrary  End  to 
that  of  Board-Meafure  ;  the  Ufe  of  which  is  known  to  every 
Carpenter:  And  to  find  it  to  any  given  Square^  not  in  the 
Table,  divide  1728,  the  cubic  Inches  in  a  Foot,  by  the  given 
Inches  iquare  of  the  Piece,  and  the  Q^TOticnt  is  the  Length 
jequiP'd  to  make  a  Foot, 


i6o 


M  Am  E  M  AT  iCS. 


Exam.u  A  Piece  9f  £})ure 
Tioibar,  wbofe  Side  u  8.5  In* 
chesy  how-  much  in  Length 
will  nuke  a  Foot? 

8.5 

IL 

680 


£jttwi.  2.  A  Piccft  of  Tiw- 
Wr  wihoIbSide  is  16.5  Inches, 
how  much  in  Length  wiU 
make  a  Foot  \ 

16.5 
26.5 


7a.2s)»7a8.oo(a3  9 
14450- 

as83oo 
21675 


8ts 
990 
x6s 


■» 


272.25}    1728.00(6.3* 
163350 


«i»i«i 


■PW* 


66250 
65025 


7167^ 


i^ 


1225  Remainder, 
Anfwcr  i  Foot,  1 1.9  Inches, 


228250 
217800 


10450  Reoii 
Anfwer  6.38  locbeit 


Of  the  Five  Regtdar  Bodies. 

There  are  five  Solids  contain'd  under  ^ual,  regular  Sides, 
which,  by  way  of  DiftinAion^aw  called  Thifive  ngukr  Bodieu 
Thefe  arc  the  Tetraedrony  the  Hexaedron  or  Cubty  the  OQa' 
idrofty  the  Dodecaedron  and  the  Ek^itdron.  The  Meafuring 
of  the  Cube  was  (hewn  at  Art'.  78.  1  ihsB  ntw  fhew  i»w  W 
Meafure  the  other  four. 

Of  fhe  "^tfmedron. 

The  Tetraedron  is  a  Solid  cont«in*d  under  fettr  Mual  vA 
equilateral  Triangles }  that  is,  it  is  a  trian^darPyiatnld  of  four 
equal  Faces,  the  Side  of  whofe  Bafe  b  equ^  to  the  JIant  HcigbC 
of  the  Pyramid,  from  the  Angles  to  the  Vertex. 

The  iirft Thing  to  bedone  ia,  to  find  the  peipendicular Hci^t 

of  the  Triangles  ;  which  is  done  thus ;  from  the  Square  rf  tte 

given  Side  fubtrad  the  Square  of  Half  the  Side,   andextrsS 

th^  Square  Root  of  the  Remainder,  and  this  will  be  the  pcr^ 

pendiciiUr  Height  of  the  Trnngle. 

The 


1%e  Meajkring  of  SoUdi.  i^i 

f  Ji0  S^«f  •  TcUMfaNi.  being  i%^  to  £ik^  the  ftUd  and 
|uper£cial  Conieot. 


*  •    «  • 


SkTe     k2  Half  thf  Side    6      ,       108,0900(10.39 

la  6     '       I 


J  44  36    203)800 

36  609 


108       ^         2069)19100 

J8621 


479 
If  four  more  Cyphers  wete  fttKxM,  the  Root  would  be 
10.3923  for  the.pemadicttlar  Het(b(  of  tt^e  Tiiaogles  there- 
fof^  bv  Atk  56,  Hal/  ihe  Side  muU^Kcd  iiito  the  perpendi- 
^cular  Heigbt  gives  the  Area  0/  the  Bate.    . 


10.3923 

6  Half  the  Side. 


.62.3538  Area  of  the  Bafe* 

To  find  the  folid  Content :  At  Art.  83,  we  li^v^  (h^t^n  the 
Way  to  find  the  Solidity  of  a  Pyramid,  by  tnuftiplying  the 
Area  of  the  Bafe  by  one  Third  of  the  Height,  or,  wliich  is 
the  lame,  one  Third  of  the  Area  by  the  tlefght  of  C^ie  Pyra- 
mid: Now,  to  find  the  perpendicular  Hcigbt  Of  the  Tetrah- 
edron, fubtniA  the  Square  of  Half  the  given  Side  from  the 
Square  of  the  Triangle's  Height  before  found,  ^i'i^l  divide  the  Re- 
ly thr  DdbKfe  «F  the  Ttv^sk^r  Height,  :md  the  Quo* 
■If  Be  the  Dlfliitce  et  ikm  Center  of  die  Bbfe  fi^om  rBe 
Siki  i  and  this  Qubtiedr^  fdbtrafteri  ftom  the  Hci^  of  the 
Triangle^  gives  tbd  ^ftatoceof  thdCbnter  from  the  Ang|ct. 

108  The  Square  of  the  Triangle's  Height. 
36  The  Square  df  Half  the  Side. 

^20.7846  )  72.0000  ( 3.464  Diikmoe  of  the  Center  from 
^235 3^  (the  Sides, 

964620 
83.1384 

<3^36«^  FiMfi    fa39a3> 

1247076  SubitraA  3-4^4 


in    1  ■■>< 


852840  6.9283  Oift.  from  the 

8313)^4  (Angles. 

21456^  ,Y  If 


^ 


i6^  M  Ar  H  E  M  AT  IC  S, 

If  die  Squaie  of  the  Diftance  of  the  Center  o£  the  Bafe  ftom 
the  Sides  be  fubtrafied  from  the  Square  of  the  Triaiigle!i 
Height,  the  Square  RoQt  of  the  Remainder  it  the  perpendi* 
€u]ar  Height  of  the  Pyramid. 

3464 

13856 
20784 
13856 

10392 


iK.999296.  ^ 

From  108  Square  of  the  Triangle's  Height. 

Subt.     12  Square  ofiheDiftanCeoftbc  Center  from  lheSides« 


•   • 


96.0000(9.79 
81 


187)1500 
13C9 


1949)19100 

•  •  •       • 

I7S4« 

1559 

As  we  took  12  for  the  Square  of  tiie  Oiflaaceof  tbeeoHcry 
inflead  of  11.999296,  we  may  call  the  Height  of  the  Tetta- 
dron  9.89  it  being  «ear  the  Truth:  This  mult^y'd  into 
20.7846,  the  Third  of  the  Am  of  the  Bale,  giv«  the  Soli* 
dity  of  the  Tetraedron. 

.     20*7846 
9.8 

1662768 
I87O6I4 


203.68908  SoKdity. 

For  the  Superikiest  tJtt  Area  of  the  Bafe  multiply'd  by^4, 
as  the  Faces  are  all  equal,  pi^es  the  Sur&ce  of  the  Tctraedion. 

If  the  Square  of  the  Diftance  of  the  Center  from  the  An- 
gles had  been  fubtraacd  from  the  Square  of  12,   the  given 

Side, 


5%r  Mtafuring  of  ^SoUds.  r^j 

Side,  the  Square  Root  of  the  Remainder  would  be  die  Height 
^  the  Pjrnunid^  as  before. 

Square  of  12  15*"^  r44  ■ 

Square  of  6.9283  is  48 

96  Remaind^ ;  wbofe 

Root  being  extraded  gives  the  perpendicular  Height  of  the  Py* 
ramid  the  lame  as  before* 

Of  the  Q^aedton.  . 


«  * 


The  Osiaidron  is  a  Solid  contained-  under  eight  equal  and 
equilateral  Triangles^,  which  may  be  concriyM  to  ooniift  of 
two  quadrangular  Pyramids,  of  equal  Bafes, '  joiiied  together: 
Therefore,  to  meafure  the  Solidity  of  this  Body,  it  will  be  fuffi- 
cient  to  eonfider  it  as  two  iauare  Pyramids,  the  Sides  of  whofe 
Bafes  are  equal  to  the  given  oide  of  the  Triangles,  under  which 
It  is  contained. 

*"  The  Side  of  an  O£bedron  being'  12,  to  find  the  folid  and 
fuperficial  Content. 

The  Sides  of  the  Bafes  being  I2«  their  Area  will  be  144^ 
by  Art.  52.  If  the  Square  of  Half  the  given  Side  be  fub* 
traded  from  the  Square  of  the  perpendicular  Height  of  the 
Triai^le,  ^  Square  Root  of  the  Remainder  is  the  Height  of 
each  Pyramid. 

The  Side  of  the  Triangle  being  the  fame  here  as  in  the 
Tetraedron,  the  Square  of  the  Perpendicular  of  the  Triangle 
will  be  to8,  a»  before;  from  which  fubtrading  36,  the  Square 
of  Half  the  given  Side,  the  Remainder  19  72;  whofe  fquare 
Root  muItiplyM  by  48,  the  third  Pact  of  the  Area  of  the  Bafe, 
gives  the  folid  Content  of  one  Pyiamids  which  doubled  gives 
the  Solidity  of  the  OAaedron. 

72.0000(8.485  Height  of  each  8.485 

64  (Pyramid,  48 

164  (800  67880 

656  33940 

1688} 14400  407.28 

13504  a         • 


11^5)89600  '•  814.56  SoUdlt)r^ 

848*5  . 


477S 


^ 


Ya  rhif 


Tbe  Am  0f  tilt  Ihk  bcuig  tte  ff  q^  here  a»  in  the  TdtciK 

cdron,  the  Superficies  will  be  the  PouUe  of  the  Supa£cic$  of 
that,  at  here  are  £i|^t  Tfiang^  of  the  iape  Dimoiiioas. 

Of  the  Dodecaedron. 

The  D^uoiiffffi  is  a  Solid  coptain*iI  un4er  twdvie  tquHa* 
tcral  Pentagons,  and  may  be  conceived  to  confift  of  twdye  penu- 
gonal  Pyramids,  of  equal  Bafe^  and  Attitude^  wfaofe  Vertexes 
meet  in  the  Center  of  th^JDodcca^on :  p^refere,  if  we  find  the 
folid  Content  of  one  of  tbofe  Pframids,  tfiat  multiplied  by  \z 
gives  the  Solidity  qf  the  J>orfffwiim. 

The  Sidp  of  the  Ppdfica^^  hcpg  ;ia»  lo  ^  the  Ibli4 
md  fiiperfieial  Content. 

Tq  fiod  the  Solidity  ^f  a  Pyripsd,  w^  nmH  &ft  find  the 
perpendicular  Height :  Hxm^,  the  Side  of  ^  Dodccwkon  being 
Civ<09  the  ila^t  Heighr  of  «ph  Pyramid  of  v^uch  it  cpofifiK 
meafur'd  from  the  Angles  to  the  Vertex,  is  to  the  gifcn  Sijdc  of 
the  Ptintagoa,  as  1  is  t9  .71  j<^444i  ao4  ti)qs£3pe  ffaif  wHl  hi 
to  that,  as  .7136  to  r,  nearly. 

A3  .7136  is  to  f,  lb  is  1%^ 

■  ■  '  ■  ■■ 

^7136)  i2.oooe(f6.8t6  ftttt  litwgirt, 
7136 

■I'  ■  I  ■ 

48640 
42816 

58240 
57o8« 

713* 


««w 


43840 
42816 

i»  ■      < 

•  1024 

Next  find  the  Biftaoce  of  the  Center  of  the  pentageml 
Bafes  from  the  Angles  :  In  all  r^ular  Pentagons,  as  Ji75S^ 
iM  to  1 00000,  fo  is  the  Side  of  the  Pentagon  to  theDifbocs 
#f  the  Center  from  the  Angles, 

A« 


As  1 17556  it  to  loooQO)  lb  is  i2» 

117556)1200000(10.2079 
117556 

"     «444oa 


OftSftDO 
022892 


105908a 

1058004. 


1076 

If  the  Square  of  the  Diftance  from  d)e  penter  be  fubtnAeA 
from  the  $^vms  pi  Ac  fUotHcu^bt,  the  ^uare  Root  of  tha 
Remainder  is  the  pen^endicubtr  £(ag|bt  of  tb6  PynunicL 
26.816  Z0«2O79 

;i63u|^  10.2079 

—  NIB  ■  ■  1 

100806  9187'^ 

134528  204x580 

Z  00896  2X>20796 

2«8ir  -     1    i< ' 


282.777856 

I04«20I222 


104.20122241 


«r 


178.576634(13,36  perpCfidicubr  Heigbf^ 
I 

^  69 

a^X) 957 

9666)  >6866 
1599^ 


t66  M'jrHEMAtlCS, 

The  Square  of  12,  the  Side  of  the  Pentagon,  multiplied  into 
the  tabular  Number  foe  Prntagoos^  ia  the  TaUe  of  Art*  6O1 
will  give  the  ^^mof  ttie  Bafe,  . 

12  •       X.720477 
12  -  144 

144        6881908 
^  688 19(^ 

1720477 

•--  247.748688  Area  of  the  Pentagoa. 

4.45  one  Third  of  thelieight« 

143S743440 
990994752 

99099475*  . 


»»•  I        4   « 


XX 02.481 661^6,  Solidity  of  one  Pyramid! 

X2  • 


Part  would 


13229.7799392  Solidity  of  AeDddecaedroo.. 

If  the  lafi:  Extradion  had  been  farther  continued,  the  per-^ 
pendfcular  Height  would  be  13.3632,  whofe  third  Pa^ 
be   4.i|.544i    in  which  Cafe  the  ooliditj  would  be 
and  fomewhat  more. 

^pr  the  Superfici^,  the  Area  of  the  Pentagon  multiplied  hf 
12  ^ves  the  Surface  of  the  whole  Dodccaq^ron^ 

247.748688 
2972.984256  Superficies. 

^         ••  •  •  ^         f      • 

Of  the  Eicofiedron. 

The  Eicofiedron  is  a  Solid  contained  under  twenty  OC]ual  and  « 
equilateral  Triangles,  and  may  be  conceived  to  oonfift  of 
twenty  equal  triangular  Pyramids,  whofe  Vortexes  all  meet  in 
the  Center:  Hence,  if  we  find  the  folid  Content  of  one  of  tliofe 
Pyramids,  that  being  multiplied  by  20  gives  the  Content  of 
the  Eicofiedron. 

The  Side  of  an  Eicofiedron  being  12,  to  find  the  folid  andfu- 
perficial  Content:  We  mufl  firft  find,  the ^Pifbnce  of  the 
Center  of  the  Bafes  from  the  Angles,  and  then  the  ilant  Height 

^he  Pyramids.}  from  which  the  perpendicular  height  may 

be 


.  fhe^Mufforif^  of  Superficies^  ibj 

be  fouiul,  by  fubtrading  the  Square  of  the  Diftance  of  the 
Center  ihmi  the  Squ&rr  of  the  flant  Height,  and  extradin^ 
the  Square  Root  of  th^  Remainder. 

The  Diftance  of  the  Center  of  the  Triangle  from  the  An- 
gles we  have  found  in  the  Tetraedron  (the  Triangles  being 
here  of  the  fame  Dimenfions)  to  be  6.9283 ;  and  for  the  flant 
Height  of  the  triangular  Pyramids  of  the  Eicofiedron,  this  is 
the  Proportion,  as  1.05146  is  to  one,  fo  is  the  given  Side  of 
the  Eicofiedron  to  the  ftmt  Height  of  the  Pyramids,  of  which 
it  confifts. 

As  1.05146  is  to  I,  fo  is  12. 

■       II 
1.05146)  ».oooot>(  11.4127  flant  Height, 
105 146 

148540 

433940 
420584 


mammrn' 


133560 
105146 

*  284140 

210292 

738480 

736022    • 

2458 

The  Square  of  the  Diftance  of  the  Center  from  the  Angles 
being  fubtraded  from  the  Square  of  the  flant  Height,  the  Squafe 
Root  of  the  Remainder  is  the  Height  of  ilit  Pyramid. 

Square  of  11.427  is  130.2497 
Square  of  6.9283  is    48 

82.2497  ( 9.069  perpendicular  Height. 
81 


1S06}  12497 
10836 


18129)166100 
163161 


2939  The 


i5S 


MAfktMAfits: 


l^he  Area  o(  the  Bafe  if  t6e  biast  fieit  w  ia  tb^  Tctnedipan^ 
i^hich  multiplied  by  3.023,  tke  Tbir4  «f  the  Hcieiit,  (iva  the 
folid  Content  of  one  Fyramki;  Mjd  thii  multiplied  hf  ^>  the 
Number  of  l^rajoids,  give»  the  SoUi^  of  the  Ruyuinm. 

^*-3S» 

3-o^J 


«M«IB*<«M 


1*87056 

ra4?G4 

1870500 

^ 1  ■" 


riHHM 


3769J6  Solidity. 

Then  the  Area  of  the  Bafi^  nmltiplied  by  20^  gifes  the  ftt« 
perficial  Content. 

*at.3S2 

ao 


'   1247,040  Superficies^ 

I  have  knitted  the  Figurea  of  thefe  Bodies^  a»  ibme  of  them 
would  give  but  a  cnlfoiBd  Idea  to  fuch  as  are  entirely  unac- 
^ainted  with  the  Bodies :  But  the  following  Figures,  cut  out 
in  Pafteboard,  and  the  Lines  cut  half  through,  will  fold  op  into 
the  feveral  Bodies. 


TetraedroA*     Hlexaedrdti^  dr.C\ibe«; 


■ 


Dodecaedron^ 


x6g 


tiodecaedron; 


Efoofiediron. 


Ji  tABLJE  tf  the  fiUd  and  fitpcr^izl  Content 
jof  each  rf  the  tive  Bodies  the  Sides  beint  •  "- 
Unity. 


I.  ar 


Names  of  the 
Bodies. 


Sblidity.  . 


H*ta 


Superficies. 


^•^ 


Tet;raedron. 
Oaa^rofi*.      , 
-JH^xaedron.     . 
Eicoiiciron. 
Dodecaedron. 


P.II78S 
0,471+ 

i.ppoo 

7.663II9 


3-464 
6-oop 

8^66025 
.40-6457 


All  like  folid  BodtcSi  being  ib  Proportion  to  one  another 
as  tbe  Ciibo  of.  their  like  Si^es,  and  their  Superficies  as  the 
Sqjiares'orthcfir  like  Sides;  ^Ke  folid  Content  of  any  of  thefe 
Bodies  may  be  found,  by  multiplying  the  Cubes  of  their  Sides 
hy^  the  NumberS'in  ibi  focond  Oiiuinn  und^  Silidityy  and  their 
^perficiei^  by  muUiplyrng  the  Squares  of  theii:  Sides  into  the 
Kumbers  jh  the  tbiifd  Column  under  Sitpirficus. 

The  pefcripdon  and  life  of  the  SJiding-Rule. 

Soon  after  the  Invention  of  Logarithms,  Mr.  Edmund 
Gunitr  contrived  the  laying  them  on  a  Ruler  or  Scale,  which 
from  him  was  called  Gunnr's  ScaU ;  on  which,  with  ^he  Help 
of  a  Pair  of  Compalfes,  any  Qucftion  relating  to  Proportion 
may  be  ipeedily  wrought:  Since  that  Mr.  Ou^htred  contrived 
to  make  two  dcales  Aide  one  by  the  other,  which  performs  the 
Work  without  CompafTes,  and  is  called  the  Sijding-RuU:  Of 
thefe  there  are  feveral  Sorts ;  but,  as  that  ufually  called  Cog^fiaWs 
is  the  moft  common  and  beft  known,  I  (hall  give  the  Defcrip* 
lion  aiid  Ufe  of  that. 

Z  This 


A 


170  MATHE  M  AT  ICS. 

Thb  is  ufually  j^C  on  one  of  the  Sides  of  a  Carpenter's  Joint* 
Rule,  ^  by  a  Piece  made  to  Aide  in  a  Groove :  This  Aiding 
Piece,  as  aUb  the  Line  above  it,  is  divided  and  numbered  i» 
2,  3,  &r.  to  9,  and  again  from  i  in  the  Middle,  to  lo  at  the 
End:  Thefc  two  are  called  the  Lines  of  Numbers ;  each  of 
thofe  Divilions  betwixt'  the  Figures  is  divided  into  ten  Parts  ^ 
and  thofq  Divifions,  |rom  i  at  the  Beginning  and  Middle  to 
the  2,  are  divided  into  five  Parts,  and,  from  each  2,  to 
each  3,  into  Halves  ;  the  Divifions  being  afterwards  Coo 
ftiull  tobe  divided.  <The  SUding-Pieoe  lu»  two  of  thofe 
Lines  on  it^  one  on  the  upper  Edge,  toanfwer  that  on  the 
'Rule ;  another  on  the  under  Edge,  to  anfwer-  the  Girt^Line  oa 
the  Rule,  below  the  Slider :  Thefe  four  Lines  are  marked 
A,  B,  C,  D. 

.  The  Girt-Ltne  is  a  broken  Line  of  Nnmbers,  contrived  ibr 
meafuririfi Timber  atone  Operation:  It  is  numbered  from  4. 
at  the  Efeginning,  to  5,  6,  7,  8,  9^  10^  2o>  30,  40,  at  the 
End  I  each  Divifion,  fiom  the  Beginning  to  &»  divided  into 
ten,  and  thofe  agafai  halved  ;  but,  .from  9  to  9,  and  from  o  to 
20,  are  only  divided  into  ten  Fisrts;  then,  from  10  to  the  £nd^ 
each  of  the  numbered  Divifions  is  divided,  firft  intf  ten  Paits> 
and  each  of  thofe  Tenths^into  four  fmaller  Divifions; 


To  find  a  given  Number  cm  the  Une  of  Numkrii 

In  the  firft  Pbrt  of  the  Line,  to  the  kft  Hand,  if  tbftNum* 
bers  I,  29  3,  b'c.  be  accounted  as  Units,  then  thelarg^f  Di* 
vifions  are,  each,  tenth  Parts  of  an  Unit^  and  the  fmaUer  Di- 
vifions are  Pares  of  thofe  Tenths:  The  i  in  the  Middle  of 
the  Line  ftands  for  xo,  and  thedther  Figures  2,  3»-C^^*  (to  the 
End,  ftand  for  20,  30,  40,  ^c.  to  the  10  at  the  End,  which 
.  flands  for  loc.  In  this  Cafe,  therefore,  all  Numbers  undcf  10 
are  to  be  looked  for  in  the  firft  Part  of  the  Line,  and  Numbers 
from  io  to  100  in  the  laft  Half:  Thus,  if  it  be  required  to 
find  12  on  the  Line^  the  i  in  the  Middle  fiandihg  for  10, 
count  from  thence  two  of  the  larger  Divifions,  and  you'll  find  this 
marked  12  :  If  37  were  required,  from  3  on  the  kft  Part  of 
the  Line  count  feven  of  the  Dl vifions  ;  and  lb  of  any ^  other 
Number  under  100.  If  it  were  required  to  find  2.48}  from 
2  in  the  firft  Part  of  the  Line,  count  four  of  the  larger  Divi- 
fions, this  is  2.4  i  then,  as  each  of  thefe  Divifions  are  here  di- 
vided into  Half,  fomcwhac  more  than  half  Way  betwixt  this 

finalkr 
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finaller  DiviHon  and  the  Fifth  of  the  larger^  is  the  Place  of 
of  16  of  the  larger  Divifions,  which  is  .08  of  the  number^ 
Divillons,  and  is  the  Place  of  I.48,  the  given  Number.  .The 
£une  Way  may  other  decimal  Pacts  be  found,  either  ia  the 
firfi  or  laft  Fiurt  of  the  Line. 

0^  tbetfjeoftbe  Line  of  Numiers^ 

4 

To  multiply  one  Number  by  another,  fet  i  on  the  Line 
B'to  the  Nuniber  given  far  the  Multiplier  in  the  Line  A ; 
then  will  the  Number  given  for  the  Multiplicand  in  the  Line 
B  ftand  againft  the  Prodii^  in  the  Line  A.  Example  :  To 
multiply  8'  by  7^  fet  i  in  the  Line  B  againft  7  in  the  Line 
A';  then  will  8  in  the  Line  B  ftand  againft  56,.  the  Produ£t^ 
in  the. Line  A  ;  and  while,  the  Rule  is  in  this  Fofition,.  you 
have  the  ProduAs  of  all  the  Numbers  on  the  Line  B,.  from  i, 
torfo  fiiras  the  Line  A  reaches,  mukiplicd  by  7,  and  the  Pro- 
dilAs  in  the  Line  A :  Thus  2,  3,  4,  5,  (9V.  on  the  Line  B, 
ftand  againft  14,  2r,  28,  35,  CsTr.  in  the  Line  A.  The  (am& 
is'  the  Cafe  of  any  mixed  Number  found  on  the  Line  B ;  thus 
1.6  ftands  againft  i  z. 2  in  the  Line  A. 

'  To  divide  one  Number  by  another,  fet  the  Diviibr  on  the 
Ijine  B  againft  i  in  the  Line  A  f  then  againft  t^  Dividend 
in  the  Line  B,  you  have  the  Quotient  in  the  Line  A.  Exam- 
ple :  To  divide  96  by  6,  fet  i  in  the  Line  A  againft  6  on  the 
Iiine  B ;  then  will  96  on  the  Line  B  ftand  againft  16,  the 
Quotient,  in  the  Line  A  i  and,  while  the  Rule  is  in  this  Pofi- 
tion,  you  have  the  Quotient  on  the  Line  A  of  all  the  Num« 
bers  on  the  Line  B,  divided  by  6« 

For  the  Meafuring  of  Timber,  the  Girt-Line  mark'd  D 
is  particularly  defign'd  ;  for  the  Ufeof  which  take  the  follow* 
ihg  Examples. 

Example  i.  A  Piece  of  Timber  10  i  Inches  fquare,  44 
Feet  long,  to  find  the  Content. 

Set  the  12  on  the  Line  D  to  44  on  the  Line  C ;  then  will 
10  4^  on  the  Line  D  ftand  againft  33*68  Feet,  the  Content ; 
which  is  ^3  Feet,  8  Inches. 

Example  2.  A  Piece  of  Timber  22  Inches  fquare,  34  Feet 
liong,  to  find  the  Content  in  Feet. 

Set  12  on  the  Girt-Line  D  to  34,  the  Length  of  the  Piece 
of  Timber  in  Feet,  on  the  Line  C ;  then  will  22  on  the  Line 
D,  ftand  againft  the  Content  in  Feet  on  the  Line  C  :  But  here 
it  IS  to  be  obferved)  that  22  on  the  Line  D,  will  reach  beyond 
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the  Line  C,  the  Content  l)eing  more  chain  loo  Feet :  Tliere* 
forCi  ia  this  Cafe,  the'i^  i{i  the  Gtrt-Line  D  muft  be  fet  to. 
34. -in  the  former  Part  of  the  Line  C;  accounting  the  Figures 
a<s  Tens,  the  fame  as  in  the  latter  Part;  then  the  i  in  the  Mid* 
die  is  ioo>  the  2,  3,  4,  tifr.  foUowii^,  2oo>  300,  40b,  i^c,  to 
the  id  at  the  End,  which  is  now  1000.  Hence  the  largier 
DivifionS)  wftieh  before  were  ynits,  are  in  this  Cafe  Tens, 
'  and  the  fmaller  I>iviiions  increafe  their  Value  in  the.  tame. 
]froportion. 

Having  fet  the  12  in  the  Line  D  againft  34  in  the  firft 
Part  of  the  Line  C,  then  will  22,  the  Inches  fquare  in  the 
Line  D,  ftand  againft  114,  and  fomewhat  more;  that  is,  it 
will  ftand  a  little  beyond  the  fecond  fmali  Divifion,  betwixt 
the  firft  and  fecond  of  the  large  Diviftons,  anfwering  to 
114.277  Feet,  or  11^  Feet,  3  Inches. 

By  the  Method,  ufed  in  this  Example,  of  Quaking  the  Num* 
bers  in  the  firft  Part  pf  the  Line  ftand  for  Tens  (or  Hundreds^ 
if  neceflary)  the  Ufe  of  the  Sliding^Rule  may  be  extended  to 
larger  Numbers ;  always  remembering,  that  all  the  Numbers 
on  the  laft  Part  of  the  Scale  will  be  of  the  lame.  Denomina- 
tion wfth  the  X  in  the  Middle ;  and,  tboi^gii*^  large  Num- 
bers we  canndt  come  to  the  Degree  o£.£xa£lne(s  neceflary  in 
(ome  Things  yet  it  may  be  of  great  yfe  to  corrcft  a^ 
Miftakc.  .    -  ^ 

I  fball  now  add  fome  Queftions^  to  exercil^  the  Learner^ 
in  ibme  of  the  foregoing  ^ules. 

^eftion  z.  Seven  Men  bought  a  Grinding*Stone  of  5  Feet 
(or  60  Inches)  Diameter  :  How  much  of  the  Stone's  EUameter 
muft  each  grind,  to  have  an  equal  Share  of  the  Stone,  if  one 
firft  grind  his  Share,  and  tben  aniother  his,  till  the  Stone  is 
ground  away  ? 

tn  order  to  folve  this  Queftion,  fquare  the  Diameter,  and  di- 
vide the  Square  by  7,  the  Number  of  Perfohs;  fubtrad  the 
Q^iotient  from  the  Square  of  the  Diameter,  and  extrad  the 
Square  Root  of  the  Remainder,  which  is  the  Length  of  the 
Diameter,  after  the  firft  Man  has  ground  his  Share;  this  Work- 
repeated,  by  fubtrading  the  fame  Quotient,  or  feventh  Part^ 
from  the  Remainder,  for  every  one,  to  the  laft,  es^trafi  the 
Square  Root  of  the  Remainders,  and  fubtra£t  thofe  Roots  from 
the  Diameter,  one  after  another,  ^  the  fcveral  Remainders  are 
Anfwcrs. 

€0 
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6q                     3600   „  3085.7 «43)SS-549 

60                       5Ha857  15 

7 )  3600  (s  14.2837                 ■  —-— 

•     35"                       30»5-7*43  105(585 

5»4-a857  525 

2571.428ft  1X05(6071 

514.2857  5525     .       ^ 


2057.1429  1^04(54643 


1542.8572  J ,  1089(1022700 

514.2857  999801 

1028.5715  22899 
5^4.2858 


[■3085.7143  is  55  549'  60 

I  2571.4286  it  50.709,  55.549 

TheSquatej  2057.1429  »  45- 355-        "TTTTTft  Share. 

Hoof  of  ^  1542.8572  "  39-*79.        -;77^ 
I  1028.5715  is  32.071.  55*549 

L  514.2857  «  22.678.         5£:2£9  ^ 

4.84  2d  bhargt 

50/709 
45-355 
5-354  S*"  Share. 


45-355 
0.076  4thSb«!lr    • 

32.071 
7.208  5th  Share, 

22.670 
"9^393  6tb  Share. 

Having 
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Having  found  the  Roots  of  the  (ix  Remainders,  fubtrad  thtf 
Root  of  the  firft  Ren\,ainder  from  the  Diameter,  and  theDiflFcrence 
is  what  the  firft  Man  is  to  grind  down  \  then  fubtrading  the  Root 
of  the  fecond  Remainder  from  the  Root  of  the  firft,  the  Diffe- 
rence is  what  the  feconil  Man  is  to  grind  down ;  Aibtrading^ 
the  Root  of  the  third  Remainder  from  the  Root  of  the  fecond 
Remainder,  the  Difference  is  what  the  third  Man  is  tb  grind 
down;  proceeding  in, this  Manner,  aa  in  the  Work,  find  what 
the  fourth^  fifth,  and  fixtb  Man  is  to  grind  down,  and  the 
Square  Root  of  the  Quotient,  which  arifes  from  dividing  the* 
Square  of  the  Diameter  by  7,  is  the  Share  of  the  feventh  M^. 
The  Shires  added  together  are  to  make  the  Diameter  oC  the 
Stone. 

4.84 

5-354      .... 

6.076 

7.20& 

9-393  '     .'  * 

.    44.678 

60.000 

I  have  omitted  the  Operations  of  extrafiing  the  Square  Roof* 
of  all  the  Numbers  but  the  firft,  partly  becaufe  it  would  take 
up  too  much  Room,  and  partly  for  the  Learner  to  exercife  him- 
felf.  The  laft  is  22.6778 ;  for  which  Reafon  I  put  ^2.678,  as. 
chat  16  not  fo  much  more,  as  a  7  in  the  third  Place  would  have 
been  lefs,  than  the  Truth. 

^uiji.  2.  By  the  Law  of  England^  a  Statute  Bufhel  for 
meaiuring  Com  is  to  be  made  8  Inch<»  high,  and  18  Inches 
and  an  Half  Diameter,  to  contain  2176  cubic  Inches,  tho*^ 
the  Content  of  the  Dimenfions  is  but  2150.425  Inches :  I  de« 
mand  what  the  Diameter  of  the  Bufliel  muft  be,  the  Height 
being  8  Inches,  and  what  the  Height,  the  Diameter  being  1&5: 
Inches,  to  contain  2176  cubic  Inches  ? 

For  the  firft,  divide  the  given  Cpntent  2x76  by  8,  the 
given  Height,  and  the  Quotient  is  the  Area  of  a  Circle,  whofe 
Diameter,  found  by  Art.  67,  will  be  the  Diameter  of  the 
Buftiel :  But,  when  the  Diameter  is  18.5,  to  find  the  Height, 
by  Art.  61,  find  the  Area  of  the  Circle,  then  divide  2176 
by  the  Area  fo  found,  and  the  Q^iotient  is  the  Hnght  fought. 

8)2176 
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8)2176 

^72  Quotient. 

1 

1273 

272 

•                                          • 

2546 
8911 
2546 

• 

1     •  '   •         •      • 

346.2560  (18.6  Diameter. 
1     .        . 

28).246     . 
224 

366)2225 
219b 

1 

29 

18.5 

268.8)  2176.0  (8.0936  Height. 
21504 

925 
1480 
185 

342-25 
.7854 

136900 
f  •»  I  TOC 

• 

25600 
24192 

I5C80 

13440 

16400     « 

X6I28 

273800  272 

^39575 


268.803150    • 

^iftion  3*  If  a  Man  hire  an  Acre  of  Crafs  for  his  Horfeg 
'  how  long  muft  the  Chord  be  tied  to  his  Head,  fo  thac  he  miglic 
nor  grar<^  more  than  an  Acre  ? 

A  Piece  of  Ground  forty  Poles  or  Perches  in  Length,  and 

four  Poles  or  Perches  in  Breadth,  is  an  Acre.     A  Pole  is  16.5 

Feet.     Bring  the  f9rty  Poles  and  four  Poles  into  P'cer,  multi- 

^  ply  thefe  by  one  another,  the  Produft  is  the  Area  of  an  Acre 

'  ci  Land  in  fqaare  Feet. 

16.S 


16.5        16.5         660 

'40  4  66 


•^ 


660.0  66*0  3960 

3960 


(Acre. 


43560   f^uarc  Feet  in  an 

By  Art.  67,  find  the  Diameter  df  a  Circle,  whofe  Area  ik 
43560  Feet,  and  Half  the  Diameter  is  the  Length  of  the 
Tether. 

43560 


1^ 


130680 
304920 
2^7120 

43S60 


55451.880(235-48 

4 


43)  '54 
129 


117.74  Feet^^e  Anfweri 


MM 


asas 


4704)22688 
i88f6 


47083)387200 
376704 
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_     ion  4.  A  (quare  Pynunid  of  Marble^  each  Si^e  tf  its 
Bafe'  fix  Incbe$,  its  Height  four  tildes  the  Si4e  of  the  Bs^      I 
twenty-four  Inches^  weighs  twenty-nine  Pounds:  What  will      1 
be  the  Weight  of  a  Pyramid  of  the  fame  Marble,  whofe  Bafe  is' 
thirty  Inches^  and  Height  an  hundred  and  twenty  Inchesf 

The  Height  of  each  of  thefe  Pvramids  being  four  times  their 
zefpedive  Bafis,  the  Contents  wilKbe  as  the  Cube  of  any  ope 
of  their  Dimenfionsj   and,  as  the  Matter  b  the  fame,    toe 

Weight 


WmAt  «rill  ^  as  their  Coutont :  Thcrefose,  ^  Iho  C;»If  of  6,, 
ivfuch  is  a  16,  is  to  the  Weight  of  its  Pyramid,  [q  i$  the  Cube 
pf  30,  which  IS  2700O9  to  the  Weqght  of  its  Pyramid, 
As  216  to  29^  fo  b  27000* 

^ 

£43000     ■ 

,    .    S4PP9 


^16)  783000  ( 3625  rounds,  the  Anfwcr* 
648 ••• 


■■■VMIMiMli^ 


«."•  V 


»350 


1089 
1080 

If  the  tieigbts  oF  the  Pyramidis  had  been  cubed,  the  Anfwer 
Ind  teen  the  fanpe:  jl^ut,  if  their  Heights  ^d  nqt  been  the  fame 
Number  of  Times  as  their  Safes,  then  their  Weights  would  have 
ds  ^their  iUid  iGomeftts^  tlie  Matter  i^eiog  foppofed  the 


>S^.  5.  What  wjH  be  the  Dlatncter  of  a  Globe,  whofc 
^{olida^fup^ficial, Content  ar.e  the  /ame? 

}n  Art.  85,  the  RuW  ^or  finding  (he  Tolid  Content  of  a 
Globe  is^  to  multiply  the  Cube  of  the  Diameter  by  .5236  ; 
and,  in  Art.  86,  the  Rule  for  finding  the  fuperficial  Content 
19,  to  multiply  the  Draoieter  by  the  Circumference :  But,  the 
Circumference  being  found  by  multiplying  the  Diameter  by 
3.1416,  and  this  Product  being  again  multiplied  by  the  Diamo- 
ier,  to  find  the. fuperficial  Content,  hence  the  fuperficial  Con- 
tent of  ^he  Globe  is  found  by  multiplying  3. 141 6  into  the 
Square  of  the  Diameter. 

Now,  as  the  Cube  of  the  Diameter  of  the  Globe,  multi{died 
.  by  .5236,  is  to  be  equal  to  the  Square  of  the  fame  Diameter, 
multiplied  by  3.1416,  hence  it  follows,  that  the  Square  of  the 
Diameter  of  the  Globe  here  propofed  muft  be  to  its  Cube, 
2S  .5236  is  to  3.1416:  But  the  Proportion  of  .5236  to  3. 1416 
may  be  found  by  dividing  the  latter  by  the  former,  and  tlie 
Ql^iotient  will  be  the  Diameter  of  the  Globe  fought. 

A  a  .5^36) 
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•5236  )  3. 1416  (  6  The  Diameter  of  a  Globe,  wbofe  foperfidal 
3 1 41 6       and  folid  Content  wiQ  be  equal,  as  will  ap* 
pear  bjribe  Work. 
3,1416  -  6  .5236 

6  6    .  ai6 

18.8496  Ctrcumference*      36 
6  6 

(Content* 


J  J  3.097  6    fuperficial         216  Cube.    ■  (tene« 

113.0976   lialidCoii- 


Of  Measuring  the  Work  of  the  feveral 
Artificers  belonging  to  Building\  as  Car-^ 
penters^  Bricklayers^  Joyners^  Plaifte^ 
rersj  Painters^  Glaziers^  Mafons^  and 
Paviours. 

Of  Carpenters*  Worh 

THE  Carppenters' Work  it  ufiialht  nwafaied  bjr  tte 
Square  of  loO  Feet}  that  is,  ten  Feet  in  Leiq^  and 
ten  in  Breadth,  make  a  Square,  either  of  FkxMring,  Par* 
titioning,'  or  Roofing;  for  meafuring  which,  take  this  general 
RuU.    Multiply   the  Length  by  the  Breadth,  and  difidis 
the  Feet  by  lOQ  \  the  Quotient  is  the  Number  of  Squares:  Tte 
Remainder,  or  Figures  cut  ofF,  are  Feet. 

Eifom.  I.  A  Floor  being  47  Feet  and  3  Inches  long,  34 
Feet  ^nd  9  Inches  wide,  how  many  Squares  of  Flooring  doies 
it  contain  ? 

F.  I.    P.  (47  F.  3 1,  by  12.  Sob  Art.  51. 

311    3  the  Multiplicand  for  9  Inches,  found  by  diridiiig 

47    3 
3+    9 


15     5    3  the  Produdl  of    3  F.  1 1 1.  3  P.  by  9  Inches. 
HI 


"^  J  the  Produa  of  47  by  34. 


8    6       the  ^  of  34  Feet,  taken  for  the  3  Inches. 


i6|4r  ii    3   Anfwer  16  Squares,  41  Feet*  TJit 


«  The  Reader  may  change  the  Inches  into  the  Decimals  of  a 
Foot^  by  Art.  489  and  tixai  perform  the  Operation  decimally  ; 
Vbich  I  leave  for  his  Pradice. 

The  1 641  Feet  require  no  other  Dividon,  to  reduce  diem  to 
Squares,  than  cutting  off  two  Figures  to  the  right  Hand^ 
ivhich  is  dividing  by  100:  The  Inches  and  Parts  are  not  re- 
garded in  thefe  Meafurements. 

Exam.  2.  Partitions  betvrixt  divers  Rooms  being  10  Feet^ 
8  Inches  high,  104  Feet,  6  Inches  m  Iicngth ;  how  many 
Squares  are  thm  coiitain'd  in  it  \ 

8    8    6  the  Multiplicand  for  8  Inches,  found  by  dividing 

X04    6  .  (iC4F.  61.  by  12.  See  Art.  51. 

10    8 

'69    8    0  the  Produa  of  8  F.  8  I.  6  P.  by  81. 
IQ40  the  Produd  of  104  F.  by  10  F. 

5  the  Half  of  JO  Feet»  taken  for  the  6  Inches. 


4Mr«W"««*»  ■*»■■•*■■■«. 


1x1x4  .8    o    Anfwcr   x\  Squares,    14  Feet ;    the  Truth  of 

which  the  Reader  may  try  by  Decimals,  for 
his  own  Pradice, 

Ex4im.  3«  A  Houfo  meafured  to  the  Outfidie-  of  tl)9  Walls 
.56Feet»  9  Inches  in  Ircngth,  and  16  Feet,  i  ex  Inches  and 
a  Half  wide :  How  many  Squares  dbes  the  Roof  eontain  ? 

Here  it  is  to  be  obftrved,  that  the  moft  common  Proportion 
for  the  Length  of  the  Rafters  to  the  Width  of  the  Houfe,  is 
itt  3  to  4  $  this  being  u&ially  called'  the  true  Pitch  :  In  this 
Cafe,  the  ufual  Method  is,^  to  multiply  the  Dimenfions  of  the 
Flatts,  and  add  the  Half  of  the^Produd  to  it ;  this  Flatt  and 
Half  are  equal  to  the  whole  Roof.. 

f.     I.    P.    9k 

489  Multiplicaifulfor6Parts,or4ln.K    .  . 
489        Multiptieand  for  w  I^chcs^        JbecArt-sr. 

56    9 
i6  10    6 

2    4    4    6  the  Produd  of  4  T.  8  P.  9  8.-  by  6  Parts. 
47     3    6        the  Produd  of  4  F.  8  L  9  P»  by  xo  Inches. 
g         .  '1  To  multiply  1 6  F.  by  9 1,  for  6 1,  take  the 

f  T.of  16  F.  which  is  8,  and  for  the  rc- 
^  J  maining  3  L  take  the^^of  8  F.  which  is  4. 

11^  \  •'^  J^'^lwft  <>f  56  by  x6. 


957     1  to    b 
478    9  ji     3  Half. 

3^4136    7    9    9    Anfwer  ^4  Squares,  36  Feet, 

Aa  2  If 


tSa  MJTHEMAfiCS. 

If  the  Reader  lias  any  Mind  to  do  tfais  O{iemtiob  dScinlSly^ 
Ke  win  find  thp  Oecimil  of  |o  Incbei  ainl  a  Half  to  be  »875  ( 
for  a  Foot  reduced  to  Half-Inches  is  ^  kod  lo  i  Inchb  rtd^ 
ced  to  Half-Incbo  ite  at }  fo  that  ib  4  Inches  i^e  |4(  or  f  of 
a  Foot,  which,  By  Art  481  might  he  itdticipd  to  ^875,  the  D^ 
cimal  of  10  I-  Inched. 

But,  when  Roofs  are  made  of  a  differeht  Pitcb^  at  i&  dftei| 
the  C^fe,  the  traeft  Wsly  of  meafariiig  it  by  k  Line  difown 
over,  which  ^kes  the  Dlmenfiont  of  both  Sides  of  the  Robf  | 
this  multiplied  by  the  Length  i>f  the  Boiklii^  gives  the  trvi 
Content  of  the  Roof:  And,  with  Regard  tb  BniUingi  that  aie 
hipt  ^t  one  or  both  £nds|  the  Roof  b  of  the  finne  Dimenfioro 
as  when  ftraight  rooft  all  the  Way  ;  ib  that  this  sial$s  no 
Difference:  But,  in  meafuring  Floors  aiid  PartitioiiS)  tbc-Dooni 
Windows,  Stairs,  ^c.  ixiuft  be  meafured  dnd  dednfted. 

Of  BRicK;.Avklis'  Pf^ori, 

Brick-Work)  as  Walls  and  Chimnie?^  are  meafured  6y  tVe 
d :  A  Rod  is  16.5  Feet,  the  Sqiiare  of  which  is  27  2.25  Feet, 
^,272  Feet  and  a  Quarter^  which  is  a  Rod  of  Srick-Work: 
But  Reg^d  ipuft  be  had  to  the  Thickne(s  of  the  WaU^  for  one 
Brick  and  a  Half  is  i)^  Staiidard  }  fe  ^Eac,  if  a  Wall  b^  thicker 
or  thinner  than  one  Brick  and  a  Half,  i(  is  ufuaUy  reduced  to 
chat,  before  it  is  computed  in  Rods.  The  Way  tp  do^i^ 
is,  to  multiply  the  Number  of  Feet  i^i  a  Piece  of  Brick-Work 
by  the  Number  of  Half-bridb  i^  the  Thicknefs  of . ttte  Wall; 
this  ProduA„  divided  by  3,  giv^  tb^  Content  of  the  Will  in 
Feet,  reducol  to  the  Standard. 

£xam.  I.  A  Wall  being  64  Fe?t  lonfo  |8  Feet  bighi.and 
four  Bricks  thick;  hok  many  Rods  of  KfckrWc^k  are;  con- 
tained in  it^  reduced  to  tU  Standard  i 

64 
18 


Rod 
or 


64 

"^8  Half- Bricks  thick. 

• 

'2)9216 

772)3072(11  Rods; 

272 

35^ 

272 

^0  Fccu 

Of  l^ticVaj^i^  W»k.  i8i 

In  this  Example,  after  reducing  it  to  s»  Brick  and  a  Half^ 
I  divide,  by  27^^  rejeding  the  fradioiu^l  Part,  2%  is  ufually 
done  in  thefe  Caies,  the  Difference  beings  incoi^Gderable  :  If 
the  Feet  remaiiiffig  require  it,  they  are  ufually  divided  by  6S, 
the  Feet  in  a  Quarter  of  a  Rod  ;  and  here  the  Anfwer  may  be 
f  I  Rod  one  Quarter,  the  odd  Feet  may  be  allowed  on  Account 
of  rejeding  the  Decimal  in  the  Devifor, 

In  fome  Placed  Briek-Work  is  meafured  by  Che  Rod  of 
18  Feet  Iquare;  in  which  Cafe  the  fquare  Rod  is  324  Feet  i 
In  others  they  nlake  but  63  fquare  Feet,  called  a  Rood,  viz. 
it  Feet  kngi  and  j  Feet  high  s  and  in  this  laft  Way  of  mea- 
furtng,  no  ReduAion  is  made  of  the  Thickneis,  but  that  is 
allowed  for  in  the  Price:  Therefore  it  muft  be  inquired  what 
Meafure  is  to  be  ufed. 

Skam.  %.  A  Wall  beiilg  J2  Feet  long^  ^4  Feet  high^ 
Md  1  Bridks  «hd  a  Half  tbicky  bow  msl^y  Rods  of  Brick* 
ff^%  ^  ^^  Feet  thtf  R«d^  ait  contained  m  it  ? 

^44^        (thick.         324)  S712C17  Rods* 
7  H&Tf-3ricks  3I4 


1^ 


3)17136.  247a 

r — -^  ^268 

571*  .  -^ (^<^"- 

81)  204  (  2  Quar- 

162 


42  Feet. 

• 

AQutrt#f of.thii  Rod  ia  81  Feet;  therefore,  dividing  the 
tcmainiAg  Feet  by  819 1  ijind  it  17  Rods  and  a  Half  and  42  Feet. 

The  next  Article  in  Bricklayers'  Work  b  Tiling ;  which, 
being  meafured  by  the  Square  of  100  Feet,  is  much  the  fame 
with  ffitefdring  the  Roofs  in  Carpenters'  Work  \  only  there 
%re  meArul<e  but  to  the  Outfide  of  the  Wall,  but  Bricklayers 
nnift  be  allowed  for  the  kaves ;  and  therefore  the  beft  Way 
js  tb  throw!  a  Line  over  the  Ridge,  and  meafure  from  Eaves  to 
Eaves  on  both  Sides  :  They  are  alfo  often  allowed  Double  for 
^ipps  and  Vallies. 

Exam,  %.  A  Roof  cbvcr'd  with  Til^  48.75  Feet  from 
Eaves  to  Eave^,  and  54.  j|  Feet  in  lAvngf}^  bow  mai|y  Squares 
pf  Tiling  are  contained  in  it  ?  ' 

F.  I.  P. 
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48-75 
54.5 


F. 

r. 

P. 

4 

0 

9 

48 

9 

54 

6 

24 

4 

6 

27 

13 

6 

192 

240 

26I56 

10 

6 

••• 


^4375 
19500 

^4375 


a6|s6.875 


Anfwer  26  Squares  and  a  Hair» 


(nftead  of  multiplying  54  Feet  into  9  Inches,  I  divide  the 
9  Inches  into  6,  tl^  Half  of  a  Fooe»  and  3,  the  Half  of  that ; 
then  taking  the  Half  of  54,  which,  is  27,  I  place  it  under  tht 
Title  Feet,  and  the  Half  of  that  for  the  3  Inches,  beii^  13  Feet 
apd  6  Inches,  I  place  them  under  their  proper  Titles,  and  pro- 
teed  to  multiply  the  48  Fdct  by  54  Feet^  as  in  common  Mul« 
tiplication. 

Chimnies  are  meafured  as  a  Solid,  bv  multiolying  the  Heiglht 
by  the  Wldth^  and  that  ProduA  by  tne  Depth,  in  cacbStoryy 
only  deducing  the  Vacancy  of  the  Hearth ;  after  which  it 
may  be  reduc'd  to  Standard,  in  the  fimw  Manner  as  ^vas  flKwn 
in  meafuring  Walls,  by  multiplying  the  Number  of  Feet  by 
the  Number  of  Half-Bricks  in  the  Deptht  from  the  Front  to 
the  Back,  and  dividing  the  ProduA  by  3,  as  was  there  uu^ : 
But,  in  regard  the  Depth  of  Chimnies  is  meafured  by  Foot- 
Meafute,  and  a  Foot  is  |-  of  a  Brick  aj(id  a  Half,  it  will  be  a 
morp  ready  Way  to  multiply  the  Number  of  Feet  bjr  9,  and  di- 
vide the  Product  by  9,  and  the  Quotient  will  be  the  Quantkjr  of 
Brick- Work  reduced  to^Standard  ;  which  then  muft  be  divided 
by  2729  to  bring  it  into  fquarc  Rods. 

A  Chimney  being  10  Feet  high,  6  Feet  and  3  Inches  wid^ 
and  2  Feet  deep,  in  the  firft  Roor  j  »  Feet  high,  6  Feet  and 
2  Inches  wide,  and  2  Feet  deep,  in  the  fecond  Floor ;  7  Feet 
high,  5  Feet  and  9  Inches  wide,  ai?d  2  Feet  deep,  in  the  third 
Floor  ;  the  Shaft  8  Feet  high,  5  Feet  wide,  and  2  Feet  deep; 
to  find  the  Quantity  of  Brick- Work?  the  Vacancy  in  the 
Ground  -Floor  being  4  Feet  and  9  Inches  wide,  4  Feet  hi^, 
and  I  Foot  and  104  Inches  deep  ;  in  the  fecond  Floor,  the 
Hearth  4  Feet  and  3  Inches  wide,  3  Feet  and  6  Inches  high,  an4 
I  Foot  and  10  -^  Inches  deep ;  in  the  third  Floor,  2  Feet  and  i  la- 
ches high,  z  Foot  and  3  Inches  wide,  and  i  Foot  and  10  -J:  In* 
cbes  deep.  F.  I. 


¥.  I.       r.  I.      r.  t.       F.      F.  L 
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40  3    40     80 
2       2     — 


125      9*  S    80  6    80 


384  2 


Having  found  the  Dimenfions  of  the  feveral  Parts,  and  added 
them  together,  we  are  next  to  compute  the  Quantity  of  the 
Vacancies  to  be  deduded :  In  doing  which,  it  will  be  beft  t» 
put  thofe  Quantities  firft  which  have  the  fmaileft  Divifions^  as 
this  will  lave  the  Troubk  of  making  Multiplicands  for  thofe 
fmaller  Dtvifions ;  removing  the  Work  after  the  firft  Multipli- 
cation, in  onler  to  make  a  Multiplicand  for  the  Inches* 

F.  I.   P.  F-  I.  P-    S.  F.  I.  P.   S. 

I  ID    6  1  10    6  I  10    6 
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10 

6 
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I 

10 

6 

4 

3 

7 

5 

6 

7 

6 
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I  10    6 


76  4    3  *    6 


II     3 
76  y    6  39 


76  7  II    76  483 

4    9 

7  II    7    6T, 


5  7 

6 

30 

35  7 

6 

a^   10 

8 

3S. 

5  »o 

3 

9 

^946 


7 
3 

It 
6 

7 

6 

3 
aj 

II 
10 

9 
10 

9 
6 

4  8 

3 

4 
I 

8  3 
3 

I 
4 

a  0 
8  3 

9 

27  10    8    3  5  ^^    3    9 


Dimenfions  of  the  Vacancy  in  the  firfl  Floor  arc  4  Feet, 
9  Inches  wide,  4  Feet  high  and  1  Foot^  10  Inches  and  a  Half 

deep: 


t 


t84      *      MA^HkUAtiCS. 

deep:  After  I  havf  multiplifd  |  F*  to  I,  6?.  by  4,  Uie  ^rodud, 
7  Feet  and  6  Inches,  I  put  below,  'to  have  Room  to  placd 
the  new  Multiplicandi  ova  it|  as  in  the  Work ;  and  tke  like 
of  the  other  two  Vacancies. 

Having  fotmd  the  Quantity  of  the  Vatiiieie^  to  be  69  Feet, 
4  Inches,  6  Parts,  fubtrad^  it  from  tht  Qymitity  before  found, 
then  multiply  the  Remainder  by  ^,  and  divide  by  9,  to  reduce  it 
to  the  Standard  Tfaicknels  of  a  fitick  atnd  a  Half  $  and^  iaflly,  di^ 
vide  it  by  272  to  bring  it  into  Rods.' 

Ti     J*    P. 
Dimenfions  of  the  Cbimiii^   ^84    H 
Vdcandei  to  be  deda£M         6.9    4    6 


• 

8 

« 

9)2518 

18 

(279 

1 

7»" 
63 

vji )  »79  ( I  Rod* 

88 

7 

81 

—    " 

Of  JOYNE^RS*   Work. 

Joyners'  Work  is  done  by  the  Yatd :  Hut  the  JSIoieiiliQDS 
are  taken  with  a  String,  becaufe  the  Cornice,  Monldifigs,  and 
fwelling  Panneis  cannot  -be  mea Aired  -by  a  ftraight  Inftniniefit; 
but  a  String  may  be  thruft  into  the  Hollows,  and  bent  nvrr  the 
Swelling  \  all  which  require  to  be  measured,  in  regsird  of  T;!^-* 
ble  in  working  them :  By  this  Means,  -the  Wofk  laeafuKs^n- 
fiderably  more  in  Height  than  the  refl  Height  bf  the  ^gom. 
But,  in  Regard  to  meafuring  about  the  Room  forxheXeogth,  it 
IS  done  in  the^me  Manner  as  in  ineafiiring  the  Floor  :  When 
the  Dimeniions  are  multiplied,  divide  'by  9,  to  bring  it  into 
fquare  Yards, 

Exam,  I.  A  Room  of  Wainfcoting,  mcafurcd  as  above,  is 
12  Feet,  9  Inches  high,  and  96  Feet,  3  Inches  inConf>pafs: 
How  many  Yards  of  Wainfcoting  are  contained  in  it? 

F.  I.  P- 


Of  Bn'tklaftrj*  WMt,  185 

F.  I.  P. 

8    o    3  See  Art.  51.  90-2S 

"*  ^  J2.75 

48125 
6737s 
19250 
9625 


96 

12 

3 

9 

7* 

3 
1 152 

2 

3 

9)1227 

z 

3 

9)  1227.1875 


->.. 


136.3 

» 

136    3  Anfwcr  136  Yards,  3  fquarcFcct. 

In  mearuring  Jpjrncrs'  Work  that  is  wrought  on  bSth  Sides, 
as  Doors,  Windows-Shutters,  and  fiicb-like,  k  k  euftomary  to 
allow  for  Work  and  Half:  Therefore,  in  tlvfe  Cafei,  after  the 
Dimeniions  are  multiplied,  take  Half  the  Produd,  and  add  it 
to  ih«  Whole  I  jth^  4Jyb)^  that  Sumr  by  9,  to  bring  it  into 
fquare  Yards. 

£xam.  2.  The  Winddw-Shutt€;^s  of  a  Room  (or  of  feveral 
Rooms,  if  of  equal  Height)  in  Breadth  yz  Feet,  6  Inches,  in 
Height  4  Feet,  9  Inches ;  how  many  Yards  are  contaio'd  in 
them,  allowing  for  Work  and  Half  f 

F.    I.   P.  72,^ 

606  See  Art.  51.  4.75 

7a    6  3625 

4    9  5075 


54    4    6 


2900 


m  £lt£i 


344    4    6 

Half  172    2    3 

9)516    6    9 


57    3 


Half      172.1875 

9)  516.5625 

Anfwer  57  Yards,  3  Iquare  Feett 


In  mcafuring  Walnfcot,  you  muft  dedud  Doors,  Windcrws^ 
fSc.  meafuring  the  Window-Boards,  Soffits,  and  Cheeks  bv 


themfelves*  B  b 


lis  MAtHEMATJCS. 

Of  Plaisterers'  Work. 

AU  Plaifterers'  Work  is  meafured  by  the  Yard,   as  tbe 
Joyncrs*  is. 

Exam.  I.  A  Ctiling  35  Feet  long,  20  Feet,  6  Inches  wide^ 
how  many  fquare  Yards  are  contained  in  it  ? 

F.    I.  20.5 

ao    6  35 

35 


1025 


17    6  615 

loo 


60  9)7^7-5 


9)717    6  79-6 

79    6  Anfwcr79Yard8,6fquareFcct. 

Bxam.  2.  The  Height  of  the  Walls  of  feveral  Rooms 
is  9  Feet,  6  Inches,  the  Compafs  of  the  Rooms  246  Feet, 
9  Inches :  How  noany  Yards  of  Plaifiering  are  conuined  ia 
them  I 

^46.75 
9-S 


F. 

20 

I. 

6 

P. 

9SeeArt.5i. 

246 
9 

9 

6 

123 

2214 

4 
2 

4 

6 
3 

6 

9)  2344 

I 

6 

"3375 
222075 

9)2344.125 


260    4 

AnC  260  Yards,  4  fquare  Feet. 


260.4 


In  meafuring  Walls,  DeduAions  muft  be  made  for  Doors 
and  Windows :  Alfo,  ia  rendering  between  Quarters,  you  may 
deduA  one  fifth  Part  for  the  Quarters,  Braces,  bFe.  but,  in 
W^^iteing  and  Colouring,  one  fourth  or  fifth  Part  muft  be  ^ 
^dded,  where  the  Quarters  and  Braces  project  beyond  the 
Wall.  ^  ^         Of  ^ 


(    i87  ) 

Of  Painters*  Work. 

The  Painters*  Work  is  meafured  in  the  fame  Manner  as 
J oyners*  Work,  by  a  String,  becaufe  the  Briifli  goes  into  the 
Hollows  and  over  the  Swellings :  When  the  Dimenfions  are 
multiplied,  divide  by  9,  the  fquare  Feet  in  a  Yard.  Windows, 
Bars,  Cafements,  &^.  are  not  meafured,  but  done  by  the 
Piece.  It  will  not  be  neceflary  to  eive  Examples,  as  the 
Work  is  in  ^  Refpeds  the  lame  as  in  Joynen'  and  Fhifterers* 
Work. 

Of  Glaziers'  Work.  ^ 

Glaciers'  Work  is  meafur'd  by  the  Foot ;  and  they  ufually 
meafure  to  a  great  Degree  ot  Exadnels :  Therefore,  in  fetting 
dewn  their  Dimenfions  for  multiplying  them  in  Feet  and  In- 
ches, the  Inch  is  divided  into  twdve  Parts,  as  the  Foot  is  ;  fo 
that  a  Quarter  of  an  Inch  is  three  Parts,  Half  an  Inch  fix 
Partt,  lie. 

Exam.  I.  A  Light  of  Glafs  being  4  Feet  and  2  ^r  Inches 
long,  and  one  Foot  and  7  \  Inches  broad,  how  many  Feet  of 
Gla&  are  contained  in  it  f 


y.  I. 

• 

4 

P. 

4 

2 

S.  T. 

2    9  See  Art.  51. 
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a    5 

4    2 
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4    6 
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4.329 
1.625 

21 145 
8458 

2S374 
4229 

6  10    s    7    6  M72125 

Aafwer  6  Feet,  lo  4-  Inches. 

Exam^  2.  If  10  Lights  be,  each  3  Feet  and  6  ^  Inches  long, 
I  Foot  and  4  ^  Inches  broad,  bow  many  Feet  of  GUfs  s^re 
containefd  in  th^  ? 

B  b  2  F.  I.  P. 
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6    7 
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47  "    6   '3 


3 

3-542 
»-354 

14168 

«77»o    .. 
10626 

354* 

4.795868 
47.95^680 

Anfwer  47  Feet»  xi  {■  Indies. 

When  Windows  are  made  round  at  the  Tdp»  the  Hei^  is 
to  be  taken  in  the  Middle,  and  they  are  to  be  MealUfed  as  if 
they  were  fqutTt ;  no  AUowanoe  being  made  for  what  is  want- 
ing at  the  Comers,  becaufe  the  Trouble,  and  the  Wafte  of  the 
Glais,  is  more  than  is  faved  by  it.  The  iame  is  the  Cuftom  is 
to  round  or  oval  Windows^  which  are  to  be  meafured  in  their 
wideft  and  longeft  Parts,  and  computed  as  fquare  or  oUong. 

Of  Masons'  Work. 

Marons'  Work  is  meafured  by  the  Foot.  Some  Sorts  of 
Work  are  meafbred  only  fuperficially  $  but,  in  othera,  they  roea- 
fure  the  Solidity,  taking  iti  all  the  three  Dimenfioas,  Length, 
Sind  Thickneft. 

Exam.  I.   A  Pavement  being  96  Feet  long,   j6  Feet  and 
9  Inches  wide,  how  many  fuperficial  Feet  are  contained  in  it? 
F,    I,  *  16.75 

16    9  96 

96 


—        (6  Inches.  10059 

48        Ihe  y  of  96,  for  '5^75 

24        the  ^  of  48,  for  I 

.    96                 (3  Inches.  1608.00 


iAmm 


Anfwer  1606  Feet. 


1608 

Exanu  2.  How  many  folid  Feet  are  contamed  in  a  WaB 
64  Feet,  6  Inches  long,  20  Feet,  6  Inches  high,  and  2  Far, 
3  Inches  thick  i         ^  F.  I.  P* 


F. 

I. 

P. 

5 

4' 

6 

^4 

20 

6 
6 

3^ 

10 

laSo 

3 

i 

132* 

3 

• 

110 

2 

J 

1322 

2 

3 

_2_ 

I 

330 
2644 

6 
6 

9 
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64.$ 

■  to.s  • 

!■  1  ■ill 

322s 
12900 


1322.25 

661 125 
264450 
264450 


2975.0625 

2975    o    9  Anfwer  2975  Feet- 

Having  mDlti^kd  two  of  the  Dimenfions,  64  F«  6 1,  by 
20  F.  6 1,  the  Product,  1 322  F.  3 1, 1  place  below,  to  have  Room 
fox  making  a  new  Multiplicand,  by  Art.  51.  as  in  the  Work. 

In  fome  Places  Walling  is  done  by  the  Rood  of  63  Feet,  fvL* 
perficial  Meafure,  as  In  Bricklayers'  Work;  tbeThickneft  be* 
ing  allowed  for  in  the  Price, 

Emm.  3.  A  Wadl  tetng  89  Feet  and  3  Inches  long,  15  Feet 
and  6  Inches  bigfa.  bow  many  Roods  of  63  Iquare  Feet,  are 
contained  in  it  ? 

F.  I.  f .  89.25 

7    5    3  ^SS 

«9    3  446»S 

15    6  44625 

8925 


i^-^iw 


44    7    6 


w^ 


3    9  63)1383.375(21 

445  126- 

89 


■  I2J 

63)^383    4  ^("                                63 

126  .                          —— 

.  60 

123 

63  Aaf^irer  21  Rood,  60  Feeb 

60  Of 
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Of  Paviours*  U^erk, 

« 

Paviours'  Work  is  done  by  the  Yard ;  fo  that  fflothing  more 
is  neceiTary  than  to  maltiplv  the  Length  by  the  Breadth,  and» 
if  it  were  meafured  by  the  Foot,  to  divide  by^g,  to  bring  it  into 
Yards:  Therefore,  Examples  are  not  neceflary,  as  it  is  the 
fame  with  Joyners*  and  Painters*  Work, 


Of  Geometry. 

GEOMETRY  is  ufiially  defined.  The  Do^rim tf  Ex- 
Unjion.  The  Word  ftridly  means  the  Meafuring  of 
Land,  but  is  applied  to  every  Thing  capable  of  being 
meafured;  that  is,  to  all  Things  fufceptible  of  more  and  left. 
*Tis  ufually  fuppofed  that  the  Mgyptians  were  the  iirft  Inveo* 
tars  of  Geometry :  Their  Lands  being  annually  overflowed  by 
the  Inundations  of  the  NiU^  its  Impetuofity  bore  away  thfir 
Land-Marks,  and  the  Mud  left  behind  made  all  DifUndions 
of  their  Lands  impra^icable,  any  other  Way  than  by  keeping 
Plans  of  their  Figure  and  Quantity;  fo  that  the  natural  Cir- 
cumfhince  of  their  Country  obliged  them  to  the  Study  and  Cul- 
tivation of  Geometry. 

Pra&ical  Geometry,  or  the  R^folution  of  Problems,  which 
is  our  prefent  fiufinefs,  it  divided  into  Plain  and  Spherical* 

O/*  P/^m  Geometry. 
Definitions. 

1.  A  Paint  in  the  Mathematics  is  confidered  only  as  a 
Mark,  without,  any  Regard  to  Dimenfions. 

2.  A  Line  is  confidered  as  Length,  without  Regard  to 
Breadth  or  Thicknefs. 

3.  A  Plain^  or  Suferficej  has  twb  Dimenfions,  Length  and 
Breadth,  but  is  not  confidered  as  having  Thrcknefs. 

4.  A  Solid  -has  three  Dimenfions,  Length,  Breadth,  and 
Thicknefs,  and  is  ufually  called  a  Body, 

5.  A  Line  is  cahtr  ^raighty  which  13  the  neareft  Diftance 
betwixt  two  Points,  or  croohdy  called  a  curve  Line,  whofe 
Ends  may  be  drawn  farther  afunder. 

6.  If  two  Lines  are  at  equal  Diftance  from  one  another  in 
Overy  Part,  they  are  called  parallel  Lillys,  vytich,  if  continued 
infinitely,  will  never  meet.  ^^"^  •-.  If 
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7.  If  two  Lines  incline  one  towards  another,  they  will,  if 
continued,  meet  in  a  Point  $  by  which  Meeting  is  formed  an 
Angle. 

8.  If  one  Line  fall  diredly  upon  another^  fo  that  the  Angles 
on  both  Sides  are  equal,  the  Line  fo  falling  is  called  a  Pirpea- 
Jicularj  and  the  Angles  fo  made  are  called  right  Angles. 

9.  All  Angles,  except  they  are  right  Angles,  are  called 
Mique  Angles ;  whether  they  are  acute^  that  is,  lefs  than  a 
right  Angle  5.  or  ^tufg^  that  is,  greater  than  a  right  Ang^e. 


Geometrical  Problems. 


Problem  x.  To  dhidi-a  LitUy  A  B,  int9  two  efual  Parts. 


A 


B 


Set  one  Foot  of  the  Compafles  in 
the  Point  A,  and,  opening  them  be- 
yond the  Middle  of.  the  Line, 
deicribe  Arches  above  and  be- 
low the  Line ;  with  the  lame  Ex- 
tent of  the  Compafles,  fct  one 
Foot  in  the  Point  B,  and  defcribe 
two  Arches  croffing  the  former: 
Draw  a  Line  from  the  Interfedion 
of  the  Arches  above  the  Line,  to 
the  Interfedion  below  the  Line; 
this  will  divide  the  Line  A  B  into 
two  equal  Parts. 

Prob.  2.  7i  trtSi  a  Perpendicular  on  the  Point  C  in  a  given 
Line. 

Set  one  Foot  of  the  Com- 
pafles in  the  given  Point  C, 
extend  the  other  Foot  to  any 
Difiance  at  Pleafure,  as  to  D, 
and  with  that  Extent  make  the 
Marks  D  and  £.  With  the 
Compafles,  one  Foot  in  D,  '  ^ 
at  any  Extent  above  Half  the       JJ  C  E 

Diftance  of  D  and  £,  defcribe  an  Arch  above  the  Line  ^ 
and  with  the  fame  Extent,  and  one  Foot  in  £,  defcribe  an  Arch 
crofling  the  former:  Draw  a  Line  from  the  Interfection  of  the 
Arches  to  the  given  Point  C,  which  will  be  perpendicular  tu 
the  given  Line  in  the  Point  C. 

I  Pfob.  3. 


•»N.. 


■$ 


A- 


Tpa 
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Prob.  3.  T§  iri&  0  Ptrpinikukr  upm  the  End  $f  s 
$r  frwi  a  Pciut  near  tbi  £nd. 

There  are  diverre  Methods  of  doing  this ;  of  which  I  Aall 
give  two. 

Fir^  Method.  If  it  be  required 
to  draw  a  Perpendicular  ta  the 
Point  B,  near  the  End  of  the 
Line  A  B,  fet  one  Foot  of  the 
CcMnpafles  in  the  Point  B,  and, 
opening  them  at  PleaAire^  fet  the 
other  any  where  above  the  Line 
ABp  asat  C;  let  C  be  the  Cen- 
ter, on  which  detcribe  an  Arch 


A- 


3>"N. ..^B 

cutting  the  Line  A  B  in  D,  and  paffing  through  the  Point  B, 
continue  it  to  more  than  a  Semicircle,  till  it  conies  over  the 
Point  B ;  draw  the  Line  D  C  E  from  tho  Interfedion  at  D, 
through  the  Center  C,  till  it  cuts  the  Arch  in  E  s  laftljr,  t 
Line  drawn  from  £  to  B  will  be  perpendicular  to  A  B  in  ths 
Point  B. 


Secmi^  Manmr.  Set  one 
Foot  of  the  Compafles  in  the 
given  Point  B,  open  them  to^ 
any  convenient  Diftance,  and 
defcribe  the  Arch  C  D  E  ;  fet 
one  Foot  in  C,  and  wich  the 
fame  Extent  crofs  the  Arch  A: 
at  D,  and  with  the  fame  Ex- 


a 


r 


B 


— "  — ^ —       — 

tent  crofs  the  Arch  again  from  D  to  E  $  then,  with  one  Foot 
of  the  Compafles  in  D,  and  with  any  Extent  above  the  Half 
of  D  E,  defcribe  an  Arch  a  \  take  the  CompaiTes  from  D9 
and,  keeping  them  to  the  fame  Extent,  with  one  Foot  in  £, 
interfed  the  former  Arch  tf  in  ^  1  from  thence  draw  a  Line  to 
the  Point  B,  which  will  be  a  Perpendicular  to  A  B* 

Prob.  4*  From  a  given  Pointy  a,  Jo  let  /all  a  ^erpendkuht 
to  a  given  Line. 

This  Problem  has  two  Cafes,  accord  ine  as  the  Poiat  it 
fituate,  over  the  middle  Part,  or  the  End  of  the  Line. 

Cafe  I.  To  let  fall  a  Perpendicular  from  the  Point  a  over 
the  Middle  of  A  B. 

Set 


i 


yi^ 
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in    the    Point  a^    extend    the  .      ^p 

other  fo  as  to  reach  beyond  the  }\^ 

cut  the  Line  A  B  in  C  and  D  ; 

put  one  Foot  of  the  Compaffiea    x«. 

in  C,  and,  with  any  Extent  above  --^^^i  i 

Half  C  D,  draw  an  Arch,  h\  keep-  D  "•-^....4S...-«^^Q  ^ 

ing  the  CompaiTes  at  the  ftttie 

Extent,    put  one  Foot  Iff  D,  and  Hitcrfi*  the  Arch  ^  i^ 

A ;  tBrough  which  fcterfedion,  and  the  Point  a^  draw  a  E, 

the  Perpendicular  required. 

Cafe  2.  To  let  faU  ^  Perpend  icfu- 
lar  from  a  Point,  « ,  being  nearly  over 
the  End  of  the  Line  A  B :  Prom  any 
Part  of  (be  given  Line,  as  p,  draw 
a  Line  to  tne  Point  a ;  divide  the 
Line  D  a  into  torn  equal  Parts  in  E, 
by  Prob.  i  ;   fet  one  Foot  of  the 

Compafles  in  E,  and  with  the  Diftan(pe  X>  E  defqrib*  aa,Arch 
from  D  to  <7,  which  wiH  interfaft  the  given  Lijje  A  3  jn  #4 
draw  the  Line  a  Cy  whieb  will  be  pcrpf  njJicular  to  t^  M^en 
Line  A  B.  T    . 

Ptpb.  f.  To  draw  a  line  parallel  to  a  ^hen  Line,  A  R 

&t  one  Foot  of  the  Compares  in    ^  p 

any  Fart  of  the  tine,  as  at  ai   ex-     "~!#.^  s>  >  >^"^    t» 
^  tend  the  Compafles  at  Pleafyrf,  unlefs    -''    ^     **^  ' "     '^    \ 
a  Diftance  be  afligned,  and  dcferibe  an 

Arch,^;  withthe  fameExtcnt,  in  fome  "a — a  '  /»  •p"* 
other  Part  of  the  Line  A  B,  as  at  e,   ^  ^    -B 

Jefcribe  the  Arch  c^  lay  a  Ruler  to  the  Extremities  of  the 
Arches,  and  draw  the  Line  E  F,  which  will  be  parallel  to  the 
given  Line  A  B. 

Prob.  6.  T^draw  a  Line  parallel  to  a  given  Lin^y  A  B,  ami 
U  pafs  through  a  given  Pointy  a. 

Set  one  Foot  of  the  Cofcnpafles  in  the  ff      > 

givan  Pofat  a;  extend   the  Q:her  fo     V'^j"'^--. *^"** 

u$  it  m^y  Mith  the  Line  A  B,  and  not     ' 
paft  it,  in  dftferibuig  the  Arch  H ;  with  ^      VJ^^X 

the  fame  Extent,  fet  one  Foot  in  the    J^  T^ 

Line  A  B,  and  defcribe  the  Arch  I  \ 
thpn  draw  a  Line  through  the  Point  a  to  the  Extremity  of 

C  c  the 
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the:  Arch  I,  ^which  will  be  parilld  to  the  gircn  Line  A  B, 

ai.u  ;  afs  through  the  Points. 

■  

Prob.  7.  7i  make  an  AngU  equal  to  a  gwen  Angli^  A  B  C 

Draw  the  Line  P  T  ^t  Pleafure;  E^'A 

fet  onejfopt  of  the  CompafTes  in.  B, 
and  with  .any  Diftance,  B  D,  draw 
the  Arch  D  £  9  keep  the  CompaiTes 
at  ihe<iame  Extent,  and,  placing  one 
Foot  in  P,  draw  the  Arch  di  zt  Plea-     j^^  . 

fure  :    Set  one  Foot  of  the  CompaiTes  <^ 

in  D,  extend  the  other  to  £,  fet  this  Extent  from  d  towards  r« 
draw  the  Line  P  S  through  the  Point  b  in  the  Arch  d  e\  and 
fo  #itt  S  P  T  be  an  Angle  equal  to  ABC. 

.  Prob.  8.  7i  maki  an  Angle  to  any  Number  9/  Degrees. 

This  Problem  has  two  Cafes,  as  the  Angle  required  is  left 
■  or  more  than  90  Degrees. 

'  Cafe  I.  To  make  an  acute  Angle  of 
30^  on  a  given  Line  AB  :  Take  60  De- 
grees frbm  a  Line  of  Chords  in  the  Com- 
pafTes, [The  Defcription  and  life  of  the 
Line  of  Chords  will  be  given  after  theDefi" 
nitUns  in  Trigonometry. 1  Set  one  Foot  of  the 
CompaiTes  in  the  Point  A,  and  defcribe  an  Arch,  C  D,  at 
fure;  then  fet  ont  Fo6t  of  the  CompaiTes  in  the  Brais  Ceotcr 
in  the  Beginning  of  the  Line  of  Chords,  and  bring  the  other 
to  30  on  the  Line  ;  with  this  Extent,  fet  one  Foot  in  C,  with 
the  other  intcrfeft  the  Arch  C  D  in  E,  and  through  E  draw  the 
Line  A  E ;  fo  will  E  A  B  be  an  Angle  of  30  Degrees. 

Cafe  SL   To  draw  ^n  obtufe  Angle  of    riv    4. 
120°   on  a  given  Lme,   Ac:    Take        \^' 
60  Degrees  in  the  CompaiTes  from  the 
Line  of  Chords,  fet  one  Foot  in  A,  and 

with  the  other  defcribe  a  lafge  Arch  ^^^- '^'^ 

-    CD;   take  90  Degrees  irom  the  Line 
cfChords,  and  fet  one  Foot  in  C,  and  interfisft  the  Ardi  in  «  ^ 
then  take  fo  Degrees  from  the  fame  Line  of  Chords ;  and  let 
them. from  41  to  (;  a  I«ine  drawn  from  A  toj^  will  make  an  An- 
/  glei  DBA,  of  r 20  Degrees. 


y 


Prob.  9. 
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Probi  Q.  To  meafurt  an  Angle. 

This  Problem  has  two  Cafes,  the  Angle  being  either  kfs  o 
more  than  90"*. 

Cafe  I.    To  meafure  an  acute  Angle^  .^  yC 

ABC:  Take  60  Degrees  from  the  Line  of 
Chords,  fet  one  Foot  in  A,  and  with  the 
other  ddTcribe  the  Arch  a  b  from  one  Leg  to 

ihc  other,  then  fct  one  Foot  of  the  Compaffes  ^^ ~^ 

in  47,  and  extend  the  other  to  b  \  with  this  ^ ' 

Extent,  fet  one  JFoot  on  the  Brafs  Center  at  the  Beginning  of 
the  Line,  the  other  will  reach  to  54  on  the  Line  of  Chords, 
which    is.  the  Number  of  Degrees  contained  in   the  Angle 


I: 


it 


!-B 


Cafe  a.   To  meafure  an  obtufe 
Angle,  ABC:  Take  60  Degrees  ...•^^' ••••.. 

in  the  Compafles  from  the  Line  of  C\/''' 
^Chords,.,  fet  OQe  Foot  -in  the  an-  C 
gular  Point  A,  and  defcribe  the  Arch 
a  c  from  one  Leg  to  the  other,  as 
before;  then  take  90  Degrees  from 
the  Line  of  Chords,  and  fet  it  Irom  a  to^;  then  take  the 
Extent  from  b  tor  in  the  Compafles,  as  in  thelaft  Problem, 
and  fet  one  Foot  in  the  Beginning  of  the  Line  of  Chords,  the 
other. will  reach  to  41  Degrees^  which,  added  to  90,  is  131  De- 
grees, the  Meafure  of  the  Ankle  B  A  C^ 

-'  Preb.  10^  To  4fvide  a  given  Li  fie,  BACyintitwo  equal 
Parts. 

^  Set  QncFbit  of  the  CompaiTes 

m  the  angular  Point  A,  extend: 

the  Compaifles  taany  converiienc 

Diftance,  and  interfm  each  Leg, 

as  at  17  and  b ;  with  the  ftole,  or 
iMOf  oth^rv^tent  above   HalS 

the  Difbnce  b  a,  fet  one  Foot  ia 

a  J  and  draw  the  Arch  D  ;  then, 
ikeeptog  the  QimpaiTes  to  the  fame  Extent,  fet  one  Foot  in  b^ 

and  interfeA  the  Arch  D  in  D ;  a  Line  drawn.%om  the  an^ 

S^ilar  Point  A  through  the  Interfedion  of  the  Arches  will  di- 

.tbfetbe  An^e  A  into  two.equal  Parts.  • 


.«^...^^v 
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Prob.  J  I.  To  divide  a  given  Line^  K  B,  into  uny  Uitmher  $f 
tqueU  P^rtf. 

From  the  End  of  the  Line, 
A,  draw  the  Line  A  C^  (o  as 
to  make  any  Angle  at  A  j 
from  the  lather  End  of  the 
J»ine,  B,  by  Prob/ 7,  draw  a 
Line  B  D,  makmg  an  Angle 
at  B  equal  to  the  Angle  at  A  ; 
which  Lines  A  C  and  B  D 
will  be  parallel  to  each  other : 

On*  each  of  thcfe  Lines,  with  any  txtent  of  the  Compafcs, 
from  tl;3  Points  A  B,  refpeclively,  fet  ofF  as  many  Parts  equal 
to  one  anothdfj,  fave  one,  a6  the  "g^ivett  Linfc  is  to  fee  divided 
into;  as  fuppoTe  10,  fet  oflF^  «^al  Parts,  numbering dioHi  i^  i, 
3,  is^c.  on  each  Line ;  draw  Li«es  from  1,7.^^  i^^.  in  the 
Line  A  C,  to  9,  S,  ^,  &c.  in  the  Liite  B  D  |  Aen  w*  the 
Line  A  B  be  diWded  into  ten  €qual  Parts. 

Prob.  12.  From  a  Point,  B^ajjigned  out  of  a  Circle,  to  droio 
a  Tungertt  to  the  Hirck,  or  a  Line  tl>at  Jbali  touch  the  Circum' 
fertntiy  but  trot  ihterfi^  it. 

i^i-om  the  gtVert  Pdint  B,  dra^  the 
Line  B  d  to  the  CentiSr  bf  the  Cirtte, 
which  is  called  the  Secant;  [Sines,  Tan- 
gents, ahd  Secdnts  will  be  defined  in  the 
Beginning  of  the  Trigonometry].  Divide 
this  LiAt  into  two  equal  Parts  m  ^,  by 
Prob.  t ;  tlien,  with  one  Fbot  ef  tkt 
Compailei  in  fht  Point  e,  with  the  £k- 
retit  ^  6  ^  ^  ^  4t^w  the  SenlieWcid 
§  A  B,  cutting  the  Circle  in  A  y  IsMf^ 
draw  a  Lime  from  B  through  the  Imerififtion  ftt  A';  this  will 
be  a  langdilt  to  the  given  CiitrM.  ' 

f    Prok  I3.  Tornaha  Trissigie^  ^ch  tef  ^ohfiSidei  jiflfi  k 
jqnal  to  #  gH^  right  Line. 

'      '  A  B 

Let  A  B  be  the  given  L!l>e ^  4rii^  fr  ^ti.A.ai  aiKmnii.  .liiu 

a  Line  at  Pleafure,  larger  than  the  given  Line  ;  then  take  the 

tfitert  Line  A  B  in  the  Compafles^  fet  one  Foot  in  A,  the 

Liiu 
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Line  laft  drav^n,  wkb  ftbe  other 

make  a  Mark  at  B,  and  wi^h  die 

fame  Extent  of  the  Compafles  draw 

the  Arch  £  \  keeping  the  Conipaifi^ 

to  the  fame  Extent,  put  one  Foot 

in  B,  and  draw  xhe  A4  ch/,  intscfed* 

ing  the  former  Arch  j  from  the  In-   " 

terfefikiti    of     tire ,  Arches    dcaw     ^^ 

Lines  jto  A  aiid  B,  aod  the  Triangle  is  completed^  having-each 

Side  equal  to  the  girai  Line  A  B. 

Prtb.  14.  'To  dravf  a  Triangle  whafg  Sides  Jhall  hi  ^i^ual  t9 
three  gi^)en  Linn^'  if  any  two  4f  than  he  k^ger  th»n  the  thirds 


A 


»■  ■*  ■ 


Let  A,  B,  C,   be  three  given 
Lilies:    Draw  a  Lifte,  A  B,  at 
Keafcrtre ;  ttfke  the  Lfne  C  in  the 
Compaffci,  fet  ohe  Foot  }h  A,      _ 
•  and  -with  the  wfier  h»lce  a  Mark   V 
at  Bi    then  take  ^  giMjnLine 
B  m  theCompafles,  frt  one  Foot 
in  B  amd  ctefcrfte  the  Ardi  C  ; 
then  take  the  given  Line  A  in 
the  CompaiFes,   and  fetting  one 
Foot  ia  A,  inteffisA  the  Afch  C  ^ 
in  C;  la%i  draw  the  X^iiies  A  C 
and  B  C,  and  the  Triangle  is  completed,  having  three  Sides5 
each  equal  to  one  of  the  given  Lines. 

Prob.  i^.  To  defcribe  Ovals  mevhsnitalfy^ 

Draw  two  parallel  Lines,  as  L  and 
M,  ^t  a  moderate  Diftance,  by  Prob.5  ; 
th^  idraw  Iwo  others  at  the  &me  Di- 
ftance,  crofs  the  former,  asN  and  O ; 
by  the  Croffing  of  diefe  Lines  will 'be 
made  \  Figure,  A  B  C  D,  of  four  Sides :      . 
Extend  theCtjmpafles  at  Pleafurc,  and  ^^^ 
fetting  one  Foot  in  D,  defcribe   the    *^^ 
Arch  cdei  with  the  fame  Extent,  fet 

OD9  Foot  in  B,  and  defcribe  the  Arch  /  ^  ^ ;  then  feC  otte  Foot 
of  the  Compafles  in  C,  and  contract  them  fo  as  to  reach  the 
Point  /,  and  defcribe  the  Arch  I  m'f  with  the  fame  Extent^ 
alid  one  Foot  in  A,  defcribe  the  Arch  i  )^,*'and  the  Oval  is  com* 
pleted :  In  the  iame  Manner,  with  a  greater  or  left  Extent 

of 
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The  Defcription  and  Ufe  tf  the  Logarithms. 

The  firft  Page  of  the  Tabic  is  divided  into  fix  Columm, 
Aree  of  wfatch^  viz.  thefirft,    third,  anl  fiftii,  contain  i|e 
natural  Numbers  from,  i  to  99  indufive  :    In   the  fecoiW» 
iiHirtb^  and  fixth  Cobmns,  rtgbt  agwnft  each  Nanaber,  you 
have  its  logarithm;  only  obferre,  that  the  InA^^  or  Cbarae- 
teriftic  of   the  L<»;arithm  is  omitted.     The  Lpgaritihm  of 
every  Number  connfts  of  two  Partts,   which  are  ufually  fet 
iofifiy  like  Integers  and  Decimal  Frafiioaa,  with  a  Dot  berqrizt 
them  ;  that  Part  which  flands  to  the  left  Hand  of  the  Doc  is 
called  the  Index,  which  is  ufually  emitted  in  tbe  Tables.   Tbc 
Learner  therefore  muft  carefully  reoiember,  that  the  Index  t# 
all  Logarithms  under  10,  is     -■»  ■■■■■>■■  ■         o; 
Fi3om  ID  tosdl  under  100,  is         i. 
From  100  to  aU  under  looo,  \%      a. 
From  1000  to  all  under  lOooO)  is  3. 

That  is,  the  Index  of  the  Logarithm  is  alwa3R  left  by 
Vniiy  than  the  Number  of  Piaoes  of  Incsgem  ia  the  Nwriicr 
vrfaofe  Logarithm  is  required^  The  Readtar  carefulfy  t^jueaii- 
benitiig  this  jieoeflary  Caution,  I  ftiaU  iiowr  fliew  him  how  » 
fiiftd  the  Logarithm  of  any  Nvnober  uM  iM  common  Opcr»- 
tMons*  ... 

For  which  Purpofe^  it  wiH  bo  jieoeiEiry  to  ohferve  t]ie 
StruAure  of  the  (gUowing  Pages  of  the  Table*  Every  kft- 
band  Page  is  divided  into  fix  Coiumns  :  In  the  firft,.  c»  the 
kft  Hand  Pages,  are  contained  the  natural  Numbers,  bcgi»> 
Bing  at  100  at  the  Top  of  the  firft  Page,  and  ppocecding  te 
f99,  in  the  natural  Order :  The  five  other  Coluaun,.  on  fhe 
hand  Pages,  are  Logarithms  without  their  Indexes;  and 
the  fecond,  third,  fourth,  fifth  and  fixth  on-  the  jright 
Hand  Pages,  likewife  contain  Logarithms  without  their  In- 
dexes :  Over  thefe  ten  Columns  of  Logarithms  are  placed  the 
Cypher  and  nine  Digits,  that  is,  a  Cypher  over  the  firft, 
and  I,  2,  3,  &r.  to  9,  over  the  others;  the  Ufe  of  which 
will  be  (hewn  hereafter  :  In  the  firft  Column  of  the  rigfa^ 
hand  Pages,  the  Numbers  are  repeated  from  the  fitft  on  tfab 
left  hand  Pages,  for  the  more  ready  finding  the  Logarithnis : 
The  feveath  Column  of  the  right  hand  Pages,  mariced  at  the 
Top  D,  contains  the  Difterences  of  the  Logarithms  in  each 
Line* 

To 


0/  txp^if^isl  tot 

To  find  the  Ldgaritbm  of  9,  look  in  (he  firft  Page  of  the 
Table  for  g,  under  the  Title  N,  in  the  firft  Column  i  and 
I'fght  againft  it  in  the  fecond  Column,  under  the  Title  Loga^ 
titbm^  you'll  find  ^954242  the  Logarithm  of  9,  without  the. 
Index,  which^  according  td  the  Rule  above,  is  o  :  So  that  tlie 
Logarithm  of  9  is  0.954242 ;  for  we  always  put  down  the  In- 
dex of  a  Logarithn^,  though  it  be  a  Cyphen 

It  h  be  required  to  find*  the  Logarithm  of  15,  in  the  Table^ 
Bgatnft  15,  you  have  .176091 ;  to  which  prefixing  the  proper 
Index,  (which  inf  this  Cafe  is  I,  as  the  Number  15  confifts 
6f-twoftac»)  the  t^ue  Logarithm  of  15191.^76091.  .Again^- 
let  it  be  required  to  find  the  Logarithm  of  95  ;  in  the  Table 
you  have  .977713^  to  which  prefixing  thu  Index  I,  as  95  con- 
nfb  df  two  Places,  ahd  is  under  100    the  true  Logarithm  of 

95  '^  ''977723 >  ^^  ^  ^^^^  of  ^^7  other  Number  under 
too. 

Bur,  for  Numbers  from  too  to  1006,  the  Rule  for  finding 
the  JjQgzx'Mhm  is,  to  look  for  the  given  Number  in  the  firft 
Gohtmn-  of  one  of  the  future  left-hand  Pages  of  the  Table^ 
under  the  Title  Numhtr^  and  right  againft  the  Number,  in  the 
next  Column,  over  which  is  placed  o,  is  the  Logarithm  to  the 
Number,  without  the  Index,  as  before:  Thus  the  Number 
115,  being^given,  will  be  found  in  the  fecond  Page  of  the 
Table  \  and  againft  it,  in  the  Acond  Column  of  that  Page,  is 
^Otqi ;  to  which  prefixing  the  Index  2,  (as  the  given  Num- 
ber xi^  confifts  of  three  Places)  then  2.060698  is  the  Loga^ 
fithm  ioilght :  So  the  Logarithm  of  487  being  required,  look 
in  the  fiiS  Column  of  the  left-hand  rages  for  487,  it. will  be 
ftnind'  in  the  fixteenth  Page ;  and  right  againft  it,  in  the  fe- 
cond  Column  of  the  &me  Page,  you  have  .687529,  which  is 
the  Logarithm,  without  the  Index;  to  which  prefixing  2,  you 
have  2'.6?7529,  for  the  true  Logarithm  of  487,  the  Number 
given.  If  the  Logarithm  of  796  were  required,  look  in  the 
firft  Column  of  the  left-hand  Pages  for  the  given  Number, 
and  againft  it  you'll  find  .900913;  to  which  prefixing  the 
proper  Index,  you  have  2.900913,  the  true  Logarithm  fought. 
Again,  the  Number  890  being  given,  look  in  the  firft  Column 
of  the  left-hand  Pages  for  your  Number,  and  againft  it,  in  the 
next  Column,  you  have  .949390  \  to  which  prefix  2,  the  pro- 
per Index,  and  2.949390  is  the  Logarithm  for  890,  the  Num« 
ber  giveft« 

But  when  a  Number  confifts  of  four  Places,  the  firft  three 
only  to  the  left  Hand  are  to  be  fought  in  the  firft  Columns  cil 
the  left<*hand  Pages,  and  the  laft  Piaoe,  or  Place  of  Units,  ia  to 
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fought  at  the  Top>of  the  Table:  Thus,  if  the  Number  427A 
were  given,  look  in  the  firft  Column  of  the  left-hand  Pages 
foi»427,  and  look  among  the  Figures  0,1,  2,  3,  &c.  at  the 
1  Dp  of  each  Column  for  o  ;  then  in  the  Column  over  which 
oftands,  and  againft  427,  before  found,,, you'll  find  .630428  ^ 
to  which  prefixing  the  proper  Index  3,  we  have  3*630428, 
the  true  Logarithm  of  4270. 

I^  the  Logarithm  of  7816  were  required,  look  for  781  in 
the  firil  Column  of  the  left-haod  Pages,  and  then  look  among 
the  Numbers  o,  i,  2,  3,  bFc*  at  the  ;Top  of  each  Column, 
till  you  .find  the  6;  then  againft  the  781,  in  the  Coluonn 
under  the  Number  6,  you  have  .892985 ;  to  which  piCr 
fixing  the  Index  3,  it  gives  3.892985,  the  true  Logarithm 
of  7816,  the  given  Number.  Again,  if  the  Logarithm 
of  9415  be  required,  look  for  941,  as  before,  and  look 
among  the  Numbers  o,  i,  2,  3,  iffc,  at  the  Top  of  each 
Column,  till'you  find  the  5;  then  againft  941,  in  the  Column 
urtder  the  Number  5,  you  have  .973820,  for  the  Logarithm 
of  9415,  exclufive  of  the  Index  3,  which  muft  be  (upplied, 
as  before. 

If  the  Logarithm  of  a  mixt  Number,  that  is.  Integers  and 
decimal  Fradions,  be  required,  feek  it  as  if  the  Number  were 
all  Integers  :  Thus,  if  it  be  required  to  find  the  Logarithm  of 
24.7,  yon  muft  look  for  the  Logarithm  of  247  in  the  Table; 
only  inftead  of  prefixing  2  for  the  Index,  you  muft  put  i, 
which  is  the  Index  for  24,  not  regarding  the  fradiional  Pirc, 
but  the  Integers  alone,  in  putting  down  the  Index  j  fo  that  the 
Logarithm  of  24.7  is  1.392697,  which  would  be  the  Loga* 
rithni  of  247^  if  2  were  prefixed  for  the  Index*  If  the  Loga- 
rithm of  57.6  were  required,  look  in  the  Table  for  the  Loga- 
rithm of  576,  and  prefix  i  for  the  Index,  being  the  Index  of 
the  integral  Part  57.  Again,  if  the  Logarithm  of  8.19  be 
required,  look  in  the  Table  for  the  Logarithm  of  819,  aa 
though  it  were  an  integral  Number,  and  you'll  find  .913284$ 
to  which  prefixing  o,  the  Index  for  8,  (being  under  10) 
0.913284  is  the  true  Logarithm  of  8.19,  the  given  Number. 

To  find  the  Logarithm  of  a  Number  confining  of 

five  Places. 

• 

Rule.  Firft  find  the  Logarithm  for  the  firft  four  Figures 
nvithout  the  Index,  as  before  taught ;  then  take  the  Diffe- 
rence in  the  laft  Column  under  D ;  multiply  this  Difference  by 
the  laft  Figure  of  the  given  Number,  and  divide  the  Produft 

by 
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by  1O9  and  the  Quotient,  added  to  the  before- found  Logarithmy 
will  be  the  true  Ix^arithm  of  the  given  Number,  when  jthe 

E roper  Index  is  prefixed  to  it.  If  it  were  required  to  find  the 
*o^rithin  of  35274, .  look  for  the  Logarithm  of  3527,  .in 
tlKTMadner  before  taught,  and  you  will  have  .547406,  the 
Logarithm  of  3527,  without  the  Iildex ;  but,  for  theLoga-* 
rithmof  35274,  take  the  Difference  in  the  laft Column  marked 
D,  where  you  will  find  123,  which  is  the  Difference  betwixt 
the  Logarithm  of  3527  and  3528 ;  multiply  this  Difference- 
by  4,  divide  the  Produd  by  10,  add  the  Quotient  to  the  be- 
fore-found  Logarithm,  and  prefix  the  proper  Index  4,  you 
willhave  4.547455,  for  the  true  Logarithm  of  35274. 

Log,    of.   3527    is  .^47406        Difference    J23 
Part  proportional  add  49  4 

•54745S  49I2 

.  To  find  the  Logarithm  for  32716  :  The  Logarithm  of 
3271,  without  the  Index,  is  .514681,  and  the  Difference  in 
the  laft  Column  under  D,  is  132,  which  multiplied  by  6,  and 
tfae  Piodud  divided  by  iq,  the  Quotient,  added  to  the  Loga- 
rithm {of  3271,  gives  the  Logarithm  of  327161  without  the 
Index,  as  follows.: 

Log.  of  3271  is  .514681  Difference   132 

79  6 

» • 

.514760  79|2 

Therefore  the  proper  Index  4,  being  prefixed,  gives  4/514760, 
for  the  true  Logarithm  of  32716,  the  given  Number. 

In  the  fame  Manner  may  a  Logarithm  be  found  for  a  Num* 
ber  of  fix  Places,  as  149635,  by  firft  finding  the  Logarithm 
of  the  firft  four  Figures  1496,  and  the  Difference  in  the  laft 
Column ;  this  Difference  multiplied  by  the  two  laft  Figures 
35,  and  the  Produdl  divided  by  100,  by  cutting  off  the  two 
laft  Figures,  the  reft  added  to  the  LrOgarithm  of  1496,  and  the 
proper  Index  5  prefixed,  you  have  the  true  Logarithm  of  the 
given  Number. 

Log.    of    1496    is     .174932        Difference  is   291 
Parts  proportional  add         102  35 

Log.  of  149635  is  5.175034  1455 

873 
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To  fnd  the  Number  to  a  given  Logarithm. 

Look  in  the  feco^id  Column  of  one  of  the  left-hand  P*g«  of 
the  Tabic  for  the  Logarithm,  without  the  Index ;  if  you  M 
if  there  pxaflly,  then  the  Number  vhich  ftands  againll  it  in 
the  firft  Column,  is  the  Number  fought  :  Jf  it  is  i)ot  \o  be 
found  cxafily  in  any  of  thefe  Columns,  look  for  the  next  kft 
Logarithm,  andcaft  your  Eye  ftraight  along  that  Line  to  the 
other  Columns  ;  if  it  be  found  in  any  of  thefe,  the  Figure  at 
the  Top  of  the  Column  in  which  it  is  found  muft  be  jcijjed 
to  the  other  three,  and  thefi|Jpur  Figures  are  the  Numtw 
fought,  the  Value  of  which  wflibe  determined  by  the  Index. 

Exam.  I.     To    find     the  Exam.   2.     To    find  the 

Number    to    the    Logarithm  Number    to    the   Logaridim 

0.796574.  3-53H09' 

Anfwer  6.t6.  Anfwer  3408. 

Exam^  T.  I  find  the  given  Logarithm  In  the  fecond  Column 
of  one  of  the  left-hand  rages,  and  againft  it  the  Number  6261 
but  as  the  Index  of  the  Logarithm  is  0,  I  thence  know,  that 
the  Number^  to  which  it  l^Iongs,  conftfts  of  but  opePlacpof 
Integers,  or  is  under  10  5  therefore  I  place  a  Dot  between  tijc 
firft  Figure  6,  and  the  other  two,  marking  them  off  for  Deci- 
mals, fo  that  6.26  is  the  Number  fought, 

Exar»u  a.  Not  finding  the  Logarithm  given  in  the  fecond 
Column  of  any  of  the  left-hand  Pages,  I  obfefve  the  ncxtkfc 
js  .53x479;  from  which  looking  along  the  Line,  I  find  mV 
Logarithm  exactly  In  the  laft  Column  of  Logarithms  but  one  of 
the  right- hand  Page ;  and  at  the  Top  of  that  Column  I  ^^ 
which  muft  be  annexed  to  the  Figures  in  the  firft  Column  rf 
the  left-hand  Page,  againft  the  Logarithm  firft  found,  where 
we  have  340;  to  which  annexing  8,  it  makes  3408,  forth* 
Number  to  the  Logarithm  3.532499  given. 

Here  it  may  be  obfcrved,  that  had  the  Index  been  cither 
more  or  lefs  than  3,,  the  Number  muft  have  confxftcd  ofi 
greater  or  a  IcG  Number  of  integral  Figures :  Thus,  V  the  Into 
had  been  4,  there  miJft  have  been  five  integral  Figures,  by  an- 
nexing a  Cypher  to  thofe  found  ;  but  had  the  Index  been  2f 
the  8  muft  have  been  marked  off  by  a  Dot  for  a  Decimal  i 
and  in  the  fame  Manner  the  Numbers  are  found  to  the  foiled' 

ing  Logarithms : 

O.7596M 


•  1.06069S  V  . 
Z.I94466 

2.392697 

VTbere  th^  Reader  may  obferve,  tbat^  when  the  Index  is  o» 
(ben  the  Number  fought  ijas  only  one  Place  of  Integers ;  il 
<he  Index  is  i^  then  the  Number  ipugh^  has  two  Places  of  In- 
twers;  if  the  Index  is  2,  the  Number  fought  has  three  Places 
of  Integers. 

If  the  given  Logarithm  iRteither  to  be  found  in  the  feoond 
Column  (4  the  left'^hand  Pages^  nor  in  either  of  the  other  silnd 
Columns,  take  the  next  iefs,  and  fiifctrad  it  from  the  giren  Lo» 
garithm ;  if  the  Diffefenoe  be  confiderable,  annex  9  to  it, 
;uk1  divide  this  Sum  by  the  Difierenee  in  the  laft  Cohiimt  under 
X>,  and  the  Quotient  will  be  the  fifth  Figure,  to  be  annexed 
to  the  four  already  found* 

s' 

£xam.  Is  To  find  the  Number  to  the  Liogarithm  4*571090 
The  next  Icfs  Log.  (whofe  Number  is  3724)       .571009 

Diflfercncc        —  —  —  8x 

To  Si  annexing  9,  it  is  819. 

Tab.  Piff.  117  )  819(7,  which  annexed  to  3724,  before 

819         (found,  gives  37247  Anfwer. 

Sxam,  2.    To  find  the  Number  to  the    Log.  2.694210 
The  next  lefs  Log.  (whofe  Number  is  4945)       694166 

To  44  annexing  9,  it  is  449. 

Tab,  Diff.  88  ( 449  (5,  which  joined  to  4945,  the  Number 

'  440        (before  found,  the  Anf.  is  49455. 

To  find  a  Number  cording  of  fix  Places  to  a 

given  Logarithm. 

Ruli.  Firft  find  the  next  lefs  Logarithm  in  the  Table,  aa 
a1fi>  the  Difierenee  in  the  laft  Column  under  D ;  then  take  out 
the  four  Figures  belonging  to  the  Logarithm  in  the  Table,  and, 

ia 
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in  order  to  find  the-  two  Figures  to  be  annexed  to  thefe  ta 
complete  the  Number,  fubtradsthe  Logarithm  found  in  the 
Table  from  the  ^ven  Logarithin ;  to  this  Diflference  annex 
99,  and  divide  it  by  the  DilFerence  found  in  the  lafl  Column 
under  D,  and  the  Quotient  will' be.  the  Figures  to  be  annexed 
to  the  four  before  founds. 

But  it  is  here  to  be  obferved,  that  in  there  TaUes,  the de* 
cimal  Part  of  the  Logarithms  confiiling  of  but  fix  Places,  a 
Number  of  fix  Places  cannot  be  found  fufSciently  exad,  but 
only  in  the  former  Part  of  the  Table,  before  the  Logarithm  of 
4000,  becaufe  the  Differences  are  afterwards  too  (mall  to  cal- 
culate Numbers  to  fix  Places. 

To  find  a  Number  to  fix  Places  to  the  Logarithm  5.454306 : 
The  next  le(s  Logarithm  is  •454236,  whofe  Numbo*  is  2846, 
and  the  tabular  Difference  153. 

The  given  Log.  is  •454306  Tabular  Diff.  153(7 199  ( 47 

The  next  le&       -454235  612 


The  Difference  is  71  1079 

107 1 

The  Quotient  47^  being  annexed  to  the  four  Figures  found  in 
the  Table,  gives  284647,  for  the  true  Number  to  the  Logarithm 
5.454306 :  The  Index  being  5,  (hews  the  whole  to  be  Integers. 

To  find  a  Number  to  fix  Places  to  the  Logarithm  3.241877 : 
The  next  lefe  Logarithm  in  the  Table  is  .241795,  whofe  Num- 
ber is  1745,  and  the  Difference  in  the  laft  Column  is  249. 

The  given  Log.  is  .241877  Tabular  DifF.  249)  8299  (33 

The  next  Icfs         .241795  747 


82  829 

747 
The  Quotient  33,  annexed  to  1745,  makes  174533,  for 
the  Number  to  the  given  Logarithm  :  But,  as  the  Index  is  but 
3,  there  can  be  no  more  than  four  Places  of  Integers;  fo  that 
1745.33  is  the  true  Number  to  the  given  Logarithm. 

lie  Defcription  and  Ufe  of  the  Table  of  Sines  and 

Tangents. 

The  Table  of  Sines  and  Tangents  has  the  90  Degrees  of 
the  Quadrant,  dirpofed  in  the  following  Manner :  At  the  Top 
of  the  firft  two  Pages  is  placed  o  Degree,  at  the  Top  of  the 

two 
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two  next  t  Degree,  and  fo  proccodiog  on  to  44:  Degrees  at  the 
Xop  of  the  two  laft  Pages }  and  then  beginning  with  45  De-** 
gree^  at  the  Bottom  of  the  two  laft  Pages,  and  proceeding  back 
again  to  89  Degrees  at -the  Bottom  of  the  two  firil  Pages. 

The  Minutes  are  contained  in  the  firft  and  laft  Column  of 
each  Page,  marked  with  the  Letter  M,  for  Minutes :  la  thm 
firfl  Column  to  the  left  Hand  of  each  P^g^i  the  Minutes  in« 
creafe  as  they  defcend ;  on  the  left-hand  Page,  from  o  to  30, 
and  on  the  right*hand  Page,  from  ^o  to  60  :  But  in  the  laft 
Column  of  each  Page,  the  Minutes  increafe  as  they  afcend ;  on 
the  right-hand  Page,  from  o  to  30,  and  on  the  left-hand  Page, 
from  30  to  60 :  Between  thefe  Columns,  in  each  Page,  are  four 
other  Columns,  marked  at  the  Top,  ^iW,  Cc'Jinej  Tangent^  Co* 
tangent  y  and  at  the  Bottom,  Co-Jiney  Sim^  Co- tangent^  Tangent  % 

The  Degrees,  Minutes,  Seconds,  {ffr.  ate  ufually  wrote  in 
this  Manner,  26^  •  ^s'  •  3^'^  which  are  to  be  read,  26  De- 
grees^ 15  Minutes,  30  Seconds. 

To  find  the  Logarithmic  Sine  of  23® .  21  • 

Find  the  23*  on  the  Top  of  the  TaUe,  and  in  the  Cdumn 
to  the  left  (jand,  marked  M,  the  Numbers  beginning  at  o, 
and  increafing  as  they  defeeod,  thus,  o,  i,  2,  3,  to  30,  find 
the  21';  againft  which,  in  the  Column  over  which  is  the  Word 
Sim^  you  have,  for  the  Sine  of  23^  .  21',  the  Logarithm 
9.598075. 

I.  *.,^M«.  <i  jf:'.^;  1 ,  ^,,  „  ^  s  li^'j?:;-. 

ncr,  the  Sme  of   /  ^^    .^     f  /  ^  co«f Za 

To  find  the  Sine  of  24^  .  41':  Having  found  the  24^  at 
the  Top  of  the  Table,  as  before,  the  Minutes,  being  above 
30,  muft  be  fought  in  the  firft  Column  of  the  right-hand  Page, 
narked  M,  where  the  Numbers,  beginning  at  3c,  increafe  a^ 
they  defcend  thus,  30,  31,  32,  to  60 ;  amongft  which  feek 
for  41,  and  right  againft  it,  in  the  Column  marked  Sim  at  (he 
Top,  you  have  the  Sine  of  24^  •  41',  9.620763. 

In  the  fameMan.N  ^J  i  j^  f^^^j  ^^  be  ^9S4936o. 

ncr,  the  Sme  of  ^  ^^      ^^^  ^9.765015. 

But,  when  the  Number  of  Degrees  exceed  45,  you  muft 
look  for  them  at  the  Bottom  of  the  Page,  and  for  the  Mi- 
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nates  ill  d)e  Jkft  Oriumn  to  the  rigkt  R^d,  tmthdi  M, 
Xfhcce  tlie  NuidberB  iaoocfe  as  tiley  afceftd  :  TfaiM,  to  find  tte 
Sine  of  5r».  aio'. 

Find  die  5i<»  at  (he  Bottom  of  tlie  Page»  and  in  die  laft 
Column  to  the  right  Hand,  in^  the  ri^t-'barid  Piigey  find  ao'; 
againflf  whi^,  in  the  G>luain  haviitg'  the  Word  Smt  at  the 
Bottom,  you  have  9*892536,  for  the  Sine  of  51^  .  ao'. 

in  the  fame  Man-  S^T'^^  ?.  ^   a^u^S   "^'^V' 

ner,  the  Sine  of   3+2    •    9MfoundtobeJ  9.865185. 

*  C  56    .  24  3  C   9.920604. 

To  find  the  Sine  of  48<* .  39.' :  Having  found  the  48*  at  the 
Bottom  of  the  Table,  as  before,  the  Minutes,  being  more  than* 
20,  muft  be  fought  in  the  laft  Column  of  the  left-hand  Page, 
where  the  Numbers,  beginning  at  3(0,  increafe  as  they  zfceSd, 
to  60  at  the  Top ;  amongft  which  find  the  39',  and  agatnft  it, 
in  the  Column  of  the  fame  Page  marked  Sim  at  the  Bottom, 
you  have  9-875459,  for  the  Sine  of  48^  •  39'. 


InthefameMan^S  iT'll'l;  i^^,..u.^  9.893745- 

ner,  the  Sinn  of  i  J^  •  54  ^  isfcund  to  be|  f*949494. 

'     .  C  79.  .  46  3  L  9.993036- 

The  Tangents  may  be'  found '  in«  the  fame  Manner,  to  tty 
Degreeand  Minute  of  the  (^ladrant ;  always  oIitferviBg,  thac^ 
wJieii  the  Degrees  are  found  at  the  Top  of  the  P^^  the  Mi* 
■utes  are  ta  be  fou^  in  the  firft  Colvunn  to  the  left  Hand, 
where  the  Numbers  increafe  as  they  defcend  downwaid ;  andl 
when  the  Degrees  are  found  at  the  Bottom  of  the  Page,  the 
Minutes  muft>  be  fought  in  the  laft.  Column,  where  the  Nam* 
bers  increafe  as  they  afcend  upwards. 

The  Co-fines  and  Co-tangents  are  to  be  found  in  the  (aoie 
Manner,  being  no  more  than  the  Sines  and  Tangents  of  the 
Complement  of  the  given  Number  of  Degfeea  and  Minutes  to 
90^,  or  a  whole  Quadrant. 


Plain   Tr  I gon om e  t rt. 

• 

TRIGONOMETRY,  or  the  Meafuring  of  Trian- 
gles,  is  of  two  Kinds.  The  Meafuring  of  right*llned 
Triangles,  other  wife  called  plain  Triangles,  is  <illed 
Plain  Trigancnatry  :  The  Meafuring  of  curve-Kned  Triangles, 
commonly  called  '%heri€al  Triangles,  is  called  Spherical  Trig0* 
n^nutry^ 

Dijinitiont. 
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Definitions. 

A  phin  7riangU  rs  a  Figure  contained  between  three  right 
Lines,  which  at  their  Meeting  make  three  Angles. 

If  one  of  the  three  Angles  of  a  Triangle  he  a  right  Angle^ 
the  Triangle  b  calkd  a  right-angled  Triangle* 

If  neither  of  the  Angles  of  a  Triangle  is  a  right  Angle^  tb« 
Triangle  is  called  an  cbliqui- angled  Triangle. 

Iff  in  an  oblique-angled  Triangle^  one  of  the  Angles  i| 
obtufe,  that  is,  greater  than  a  right  Angle,  it  is  called  an  #f- 
tufe^angled  Triangle. 

If  all  the  three  Angles  are  acute,  that  is,  le(s  than  right 
Angles,  then  is  the  Triangle  called  an  acute  angUd  Triangle* 

If  all  the  three  Sides  of  a  Triangle  are  equal,  it  is  Called  an 
equilateral  Triangle. 

If  two  of  the  Sides  onlv  are  equal,  it  is  called  an  Ifofceles. 

If  the  three  Sides  are  all  unequal,  it  is  called  Sealenum. 

In  a  right-angled  Triangle,  as 
ABC,  the  longed  Side,  A  B,  is 
called  the  Hypothenufe^  and'  the 
other  two  Sides  the  Legs^  of  which, 
that  on  which  the  Triangle  ieema 
to  ftand,  as  A  C,  is  called  the  Bafe^ 
and  the  other  Side,  B  C,  the  Per*  A.' 
pendicular. 

In  an  obliaue-angled  Triangle,  the  longeft  Side  is  ufually 
called  the  Bafe. 

Angles  are  meafured  by  the  Arch  of  a  Circle.  The  Peri- 
phery of  every  Circle,  whether  great  or  fmall,  is  divided  into 
360  Degrees,  each  Degree  into  60  Minutes,  every  Minute 
into  60  Seconds,  and  fo  on  to  Thirds,  Fourths,  &r« 

Any  Portion  of  the  Periphery 
of  a  Circle,  as  E  C  F,  is  called 
an  Jrch ;  and  a  Line  drawn  from 
the  Ends  of  an  Arch,  as  £  I  F»  is 
called  the  Chord  of  the  Arch. 
Half  the  Chord  of  any  Arch,  as  A 
E  I,  is  called  the  Sim  of  the 
Arch  £  C,  and  I C  is  called 
the  verfed  Sine  of  the  fame  Arch 
£  C  i  fo  alfo  E  G  is  the  iihe  of 

the  Arch  E  D.    A  Ljg^rawn  perpendicular  to  the  Diameter^  ^^ 
of  a  Circle,  fo  a^^^fouch  the  Circle^  and  not  cut  it,  is  called' 
a  Tangent,  as  (|^7  which  is  the  Tangent  of  the  Arch  £  C, 

£  e  '  beca^fe 
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becaufe  the  Line  B  H,  drawn  from  the  Center  B  through  E, 
called  the  Secanty  meets  it  in  the  Point  H,  Any  Radius^  as 
B  D,  is  the  Sine  of  90"",  ufually  called  the  whole  Sine. 

I'be  Defcription  and  life  of  a  Scale  of  ejtiai  Tarfs. 

• 

The  common  plain  Scales  have  on  them  a  Line  of  equa) 
Pansy  marked  L,  divided  into  lo  equal  Parts,  marked  10,  2O9 
30,  &r«  to  TOO :  At  the  Beginning  of  the  Divifions  there  is 
one  other  Part  not  numbered,  which  is  fubdivided  into  ten 
Parts  by  fmall  Divifions;  the  middle  one,  being  5,  is  drawn 
longer  than  ainr  of  the  reft  to  diftinguiih  it.  The  Ufe  of  dm 
Line  of  Parts  a,  to  lay  any  Thing  down  upon  Paper,  having 
the  Dimenfions  given :  As  fuppofe  a  Triangle  was  givcn^ 
one  Side  being  21  Inches,  another  28,  and  the  third  35  :  To 
lay  this,  down  on  Paper  from  the  Line  of  Parts,  you  muft 
draw  a  Line  on  your  Paper  $  then,  to  fet  off  the  longeft  Side 
on  the  Line,  fet  one  Foot  of  the  Compafles  in  the  Divjfion 
marked  30  of  the  larger  Divifions,  and  extend  the  other  back- 
ward on  the  Line  to  the  5  in  the  fmall  Divifions ;  this 
Extent  mark  in  your  Line :  Then,  for  the  28,  fet  one  Foot 
of  the  Compafles  on  the  Divifion  marked  20>  extending  the 
other  back  to  8  on  the  fmall  Divifions ;  with  this  Extent, 
fet  one  Foot  in  the  Mark  made  at  the  End  of  the  Line,  and 
with  the  other  draw  a  Portion  of  an  Arch;  which  done,  (ct 
one  Foot  of  the  Compafles  on  the  fame  Divifion,  marked  20, 
and  contraA  the  Compafles,  till  they  reach  to  the  firfl  of  the 
fmall  Divifions  i  with  this  Extent,  fet  one  Foot  in  the  other 
Mark  made  in  your  Line,  and  draw  another  Arch,  crofling  the 
former :  Laflly,  from  the  Interfeftion  of  thefe  Arches,  draw 
Lines  to  the  two  Marks  made  in  the  firft  Line ;  fo  will  you 
have  a  Triangle  in  the  fame  Proportion  as  was  given.  But,  in 
Cafes  where  the  Numbers  are  Hundreds,  Tens,  and  odd  Ones, 
there  are  on  thofe  Scales  ufually  two  diagonal  Scales,  one 
divided  into  Inches,  the  other  into  Half-Inches ;  thefe  Scales 
are  numbered  with  i,  2,  3,  btc,  the  Divifions  at  the  End  are 
ufually  numbered  2,  4,  6,  8  at  the  Side,  there  not  being 
Room  to  put  all  the  nine  Digits,  therefore  i,  3,  5,  7,  9,  have 
no  Numbers :  There  are  likcwife  ten  parallel  Lines  run  the 
Length  of  the  Scale,  and  at  the  End,  among  the  fmall  Divi- 
fions, there  are  diagonal  Lines,  crofling  from  one  of  thofe  Paral- 
lels to  another.  To  take  off  any  Number  from  thefe  Scales^ 
fuppofe  768,  lookout  the  great  Divifion  marked  7,  and  then 
look  on  the  fmaller  Divifions  at  the  End  for  that  marked  6; 

the 
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the  Compaflb  being  extended  from  7  in  the  greater  Divifions 
to  6  in  the  fmall,  is  760  -,  but,  for  the  8,  you  muft  count  eight 
of  the  Parallels,  and  fet  one  Foot  of  the  CompaiTes  where  the 
eighth  Parallel  crofles  the  Line  marked  7,  before  found,  and  ex- 
tend the  other  Foot  to  where  the  Diagonal  6,  before  found^ 
croiTes  the  iame  Parallel;  that  Extent  is  768,  the  given 
Number. 

^e  Defcriptim  and  Ufe  of  a  Lint  of  Chords. 

I  have  before  obferved,  that  all  Circles  are  Tuppoled  to  be 
divided  into  360  Parts,  called  Degrees ;  therefore  each  Qua- 
4fBlit  contains  90  D^rees,  as  appears  by  the  Diameters  cutting 
cacb  other  at  right  Angles :  If  then  a  Qi^draat  of^  a  Circle  be 
divided  into  90  Degrees,  and  the  Diftance  from  one  End  of 
the  Arch  to  each  of  thefe  Degrees  be  transferred  to  a  ftraight 
Line,  this  is  what  we  call  a  Line  of  ^Chords,  .  Thei  Radius  of 
every  Circle,  being  taken  in  the  CompafTes,  will,  if  the  Com- 
pafles  be  fet  in  the  Periphery  and  turned  about,  at  fix  Times 
go  round  the  Circumference;  therefore  the  Radius  is  the  Chord 
of  60  Degrees.  On  the  plain  Scale  there  are  ufually  two 
Lines  of  Chords  to  diiFerent  Radii,  marked  at  the  End  Cho. 
the  Ufe  of  which  is  to  meafure  Angles;  for,  if  you  take  in 
your  Compafles  60  Degrees  from  the  Line  of  Chords,  and,  fet* 
ting  one  Foot  of  the  Compafles  in  the  angular  Point,  draw 
*  an  Arch  from  one  Leg  of  the  Angle  to  the  other,  and  then 
take  in  the  Compafles  the  Length  (or  rather  the  Chord)  of  the 
Arch,  that^  meafured  on  the  ^me  Line  of  Chords,  will  {hew 
the  Degrees  of  the  Angle,  as  has  been  already  fhewn,  Prob.  8. 

There  are  ufually  on  the  Scale  divers  other  Lines  |  as  a 
Line  of  Sines,  a  Line  of  Tangents,  a  Line  of  Secants,  a  Line 
of  Half- Tangents,  bfc.  whofe  Ufe  we  ihall  have  Occafion  to 
explain  hereafter. 

The  great  Ufe  of  Logarithms  b  in  Trigonometrical  Calcu<^ 
lations.  All  the  Cafes  in  Trigonometry  beins  done  by  the  Rule 
of  Proportion,  to  avoid  the  Trouble  of  Multiplication  %nd 
Divifion,  Mr.  Gunter^  as  was  obferved  above,  calculated  the 
Logarithms  of  the  Sines  and  Tangents,  by  which  all  the 
Problems  in  Trigonometry  are  performed:  So  that,  having 
alfo  Tables  of  the  Logarithms  of  Numbers,  nothing  more  is 
joeeeflary,  but  to  add  the  Logarithms  of  the  fecond  and  third 
Numbers  in  the  Proportion  together,  ^nd  from  their  Sum  fub- 
traA  the  l/ogarithm  of  the  firft ;  the  Remainder  is  the  Loga- 

£  e  2  rithm 
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rithm  6f  the  fourth  Number  fought ;  that  is,  it  b  the  Loga- 
rithm of  the  Length  of  the  Side,  when  a  Side  is  required,  or 
of  the  Sine  of  the  Angle,  when  an  Angle  is  required :  And, 
when  the  firft  Number  in  the  Proportion  happens  to  be  the 
Radius  whofe  Logarithmic  Sine  is  lo.oooooo,  that  is,  lo. 
there  is  then  no  Qccafion  for  any  other  Subtrafiion,  but  only 
to  rejtSt  10  out  of  the  Sum  of  the  fecond  and  third  Numbers. 

Of  rigbt^ngkd  plain  Urigonmetry. 

There  arc  eight  Cafes  in  right-angled  plain  Trigonometry, 
fevcn  of  which  are  folved  by  the  following  general  Rule :  The 
Method  of  folving  the  other  will  be  explained  when  w€  come 
to  it.     The  general  Rule  is  this  : 

As  the  Sine  of  any  Angle 

Is  to  its  oppofite  Side, 

So  is  the  Sine  of  any  Qther  Angle 

To  its  oppofite  Side  : 

Or, 

As  the  Length  of  any  Side 

Is  to  the  Sine  of  the  Angle  oppofite. 

So  is  the  Length  of  any  other  Side 

To  the  Sine  of  the  Artgle  oppofite  to  it. 

Prob.  18.  In  tbf  rtght-an^ed" plain  Triangle  ABC,  rigbt- 
angled  at  B,  given  the  Safe  A  B  47.5,  the  Hypothenufe  A  C 
59.4 ;  to  find  the  Perpendicular  B  C,  and  the  Angles  at  A  and  C, 

ConJIru^ion,  Draw  the  Bafc-Line  A  B 
at  Pleafurc ;  fet  one.  Foot  of  the  Com- 
paflcs  on  the  Diviflon  of  the  diagonal 
Scale  at  4,  and  extend  the  other  Foot  to 
feven  of  the  Divifions  at  the  End  of  the 
Scale;  this  {547  :  Now,  to  take  off  the 
.5,  take  your  Compafles  fiom  the  Scale, 
and  go  down  five  of  the  Lines  which  ar/»  drawn  parallel  to  the 
Sides  of  the  Scale ;  place  one  Foot  of  the  Compafles  tber^ 
and  you  will  obfecve  the  other  will  fill  a  little  (hart  of  the 
Line  they  before  touched  at  the  End  of  the  Scale ;  extend  the 
Compafles  till  they  reach  that  Line;  this  Extent  b  47^51 
'which  place  on  the  Bafe-Line  from  A  to  B,  and  at  B  ered 
B  C  perpendicular  to  A  B,  by  Prob.  3,  and  continue  it  at 
Pleafure,  Nod^,  for  the  Hypothenufe,  fet  one  Foot  of  the 
CompaiTcs  on  the  diagonal  Scale  at  5,  and  extend  the  other  Foot 

to 
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to  nine  61  the  Divifiona  at  the  End  of  the  Scale;  this  is  49  ; 
fake  your  CooipaiTes  from  the  Scale,  go  down  four  of  the 
Lines  which  are  drawn  parallel  to  the  Sides  of  the  Scale,  and 
there  place  one  Foot,  ana  the  other  will  fall  a  little  (hort  of  the 
Line  it  before  touched  at  the  End  of  the  Scale ;  extend  the 
CompaiTea  'till  they  touch  that  Line,  and  this  Extent  is  59,4 : 
Kow  place  one  Foot  in  A,  with  the  other  crols  the  Perpen* 
dicuhr  B  C  in  C,  and  draw  the  Hypothenufe  A  C,  which 
completes  the  Triangle  ABC. 

The  given  Parts  are  marked  with  — ,  and  the  Part  required 
with  o,  whether  they  are  Sides  or  Angles. 

Now  I  obferve,  that  the  Hypothenufe  A  C  b  given,  and  op- 
pofitc  to  the  right  Angle  at  B,  which,  in  a  right-angled  Tri- 
angle,  is  always  known  from  the  Triangle ;  and  that  the  Bafe 
A  B  is  given,  and  is  oppofite  to  the  Angle  at  C,  which  is  one 
of  the  Parts  required  to  be  found ;  which  is  done  by  the  follow- 
ing Proportion  according  to  the  general  Rule : 

As  the  Hypothenufe  A  C,  59.4,  ■      1.773786 

Is  to  the  Radius,  or  Sine  of  the  Angk  at  B^     lo. 

So  is  the  Bafe  AB,  47.5,  1.676694 


11.676694 

1.773786 

To  the  Sine  of  the  Angle  at  C,  53^ .  6',    —    9.902908 

The  fecond  and  third  Numbers  being  added  together,  and  the 
firft  fubtraSed  from  their  Sum,  leaves  9.902908  for  the  Sine 
of  the  Angle  at  C ;  againft  which,  among  the  Sines  in  the 
Tablei  of  Sines  and  Tangents,  you  wilf  find  53^  •  b\  for  the 
Angle  at  C  \  which  Angle  being  meafured  by  the  Scale  of 
Chords,  by  Prob.  9,  if  ic  h  found  to  mes^fure  right,  it  proves 
that  the  Conftru&ion  and  Calculation  are  both  true. 

The  Angle  at  B  is  90^  .  00' 

SubtraA  the  Angle  at  C      53  .  06 

Remains  the  Angle  at  A     36  •  54,  which  may  be  meafured 

(in  the  lame  Manner  as  was  the  Angle  at  C« 

Now  I  obferve,  that  the  Bafe  A  B  is  given,  and  oppofite  to 
the  Angle  C,  which  was  found  by  the  former  Proportion ; 
and  that  the  Angle  A  is  alio  found,  being  the  Complement 
of  i)K  Angle  C  to  90^^,  and  is  oppofite  to  the  Perpendicular, 

the 
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the  other  Part  required  Co  be  found  ;  which  is  ilone  hj  the  fol* 
lowing  Proportion  : 

As  the  Sine  of  the  Angle  at  C,  53^  •  6\    -—    9.902919 


Is  to  the  Bafe  A  B,  47.5,  ■■  1.676694 

So  is  the  Sine  of  the  Angle  at  A,  ^1^^ .  54',        9*778455 


11.455149 
9.90Z919 


To  the  Perpendicular  B  C,  35.66,         *—         1.552230 

The  fecond  and  third  Numbers  being  added  together,  and 
the  firft  fubtra^ied  from  their  Sum,  there  remains  1.552230 
for  the  Logarithm  of  the  Perpendicular  BC.  Now,  looking 
for  this  Logarithm  ux  the  Table  of  Logarithms,  neglediof 
the  Index  i,  the  neareft  Logarithm  to  it  is  .551400  ;  agaioi 
which,  in  the  Coittmn  on  the  left  Hand,  1  find  35^  j  and, 
afBong  the  Figures  at  the  Tops  of  the  Columns,  over  that 
where  my  Logarithm  is,  I  find  6,  which,  being  placed  to  the 
ri^t  Hand  of  the  356,  makes  3566  for  the  Number  an* 
fwer^ng  to  the  Logarithm  in  the  Operation.  But  now,  the 
Index  of  the  Logarithm  being  only  i,  therefore  of  th^.  3566 
there  mufi  be  only  two  Places  Integers;  whence  1  conclude 
3^5.66  is  the  Length  of  the  Perpendicular  B  C :  And,  to 
meafure  this  from  the  diagonal  Scale,  place  one  Foot  of  the 
Compafles  at  A,  and  extend  the  other  to  B  \  which  Extent 
will  reach  on  the  diagonal  Scale  from  where  the  fixtfa 
Tarallel  crofies  the  Divifion  marked  3,  to  the  fifth  of  the 
fmall  Divifions  at  the  End,  and  fomewhat  more,  which  ihews 
it  to  be  more  than  35.6,  as  by  the  Calculation. 

Prob.  19.  In  the  right-angled  Triangle  ABC,  right  angled 
at  B,  given  the  Perpendicular  B  C  35.66,  and  the  Jngle  at 
A  36°  .  54',  to  find  the  Hypoibiuufe  A  C,  and  the  Baft  A  B. 

ConJiruSiion.  Draw  the  Bafe-Line 
.A  B  at  Pleafure,  on  the  End  of  which; 
by  Prob.  3,  ereft  the  Perpendicular 
B  C  to  any  convenient  Length :  Set 
-•lie  Foot  of  the  CompaiTes  on  th| 
diagonal  Scale  at  3,  and  extend  the  A 
other  to  5  at  the  End  of  the  Scale; 
take  your  Compafles  from  the  Scale,  and  go  down  iix  si  the 

I  parallel 
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parallel  Lines^  and  extend  them  fo  as  to  toufch  the  Point, 
where  this  Line,  and  the  Line  marked  5  at  the  End  of 
the  Scale,  interfeS ;  this  is  35.6,  which  fet  off  on  the 
Perpendicular  from  B  to  C :  Then,  as  the  Angle  at  A  is 
36^ .  54',  the  Angle  at  C,  being  the  Complement  of  it  to 
90**,  is  53° .  6' ;  take  60**  from  the  Line  of  Chords,  and  fet 
one  Foot  of  the  CompafTes  in  C,  aiid  draw  a  Portion  of  aa 
Arch  \  then  take  53^ .  6'  from  the  Line  of  Chords,  and,  fetting 
one  Foot  of  the  CoflApafles  where  4he  Arch  cuts  tl^e. Per- 
pendicular, with  the  other  interfect  the  Arch :  A  Line  drawn 
from  C,  thro'  the  Interfedion,  'till  it  cuts  the  Bafe  in  A^ 
compkces  the  Triangle, 

Here  we  may  obferve,  that  B  C  is  given,  and  oppofite  to 
the  given  Angle  at  A  ;'  and  that  the  Angle  B  is  always  known 
in  a  right-angled  Triangle ;  and  that  this  is  oppofite  to  the 
Hypothenufe  A  C,  one  of  the  Parts  required  %  which  may  be 
found  by  the  following-  IVoportion  : 

As  the  Sine  of  the  Angle  at  A,  36^.54',     •—     9-778455 

Is  to  the  Perpendicular  EC,  35.66,  — —  1.552241 
So  is  the  Radius,  or  Sine  of  the  An^e  at  B,       lo. 

11.552241 

•  9-778455 

To  the  Hypothenufe  AC,  59.4,   ^    »■     "■  *         1-773786 

To  meafare  the  Hypothenufe,  put  one  Foot  of  the  Com* 
pafles  on  the  diagonal  Scale  at  5,  and  extend  the  other  to  nine 
of  the  DIvifions  at  the  End  of  the  Scale  ;  take  the  CompafTea 
from  the  Scale,  go  down  four  of  the  parallel  Lines,  and  extend 
them  to  the  Point  where  this  Line  crofTes  the  ninth  Diagonal 
at  the  End  of  the  Scale,  and  this  will  be  the  Meafiire  of  the 
Hypothenufe,  if  the  Work  h  true. 

Here  we  are  to  obferve,  that  the  Angle  A  is  known,  and 
oppofite  to  the  Perpendicular,  which  was  given ;  and  that 
the  Aagie  C  is  known,  and  qppofite  to  the  Bafe  A  B,  the 
other  Part  required ;  which  mx^y  be  found  by  the  following 
Proportion :  • 


As 
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As  the  Sine  of  the  Angle  at  A,  S^^'S^'t         9*778455 

Is  to  the  Perpendicular  B  C,  35*66,       —        1.552241 
So  is  the  Sine  of  the  Angle  at  C,  53^.  6'^        9.902919 

X  1.455 1 60 

9-778455 


To  the  Baife  A  B^  47.5  ■  1.676705 

To  metfure  the  Bafe  A  B,  fet  one  Foot  of  the  Compaflcs 
on  the  diagonal  Scale  at  4,  and  extend  the  other  to  the  feventh 
Diagonal  at  the  End  ;  take  the  Compafles  from  the  Scale,  gp 
down  to  the  fifth  Parallel,  and  place  one  Foot  there^  and 
extend  the  other  to  the  Point  where  the  fifth  Parallel  croflb 
the  feveotb  Diagonal  at  the  End  of  the  Scale ;  this  is  the 
Meafure  of  the  Bafe.  And  here  t^e  Reader  may  obfi^re 
the  following 

General  Ru/e  for  taking  off  any  Number  from  tBc 

diagonal  Scale. 

If  it  confifls  of  two  Places,  put  one  Foot  of  the  Compafies 
on  the  Scale,  to  that  Number  which  fiands  firft  to  the  left 
Hand  in  the  given  Number,  and  extend  the  other  Foot  to  tbe 
other  Number  at  the  End  of  the  Scale;  this  is  the  Extent 
required. 

Example.  To  take  78  from  the  Scale,  fet  one  Foot  of 
the  Compafies  to  7,  .and  extend  the  other  to  the  Diagonal 
marked  8  at  the  End  of  tbe  Scale ;  this  Extent  is  78,  tfae 
given  Number. 

If  the  Number  confifis  of  three  Places,  fet  one  Foot  of  tbe 
CompafTes  on  the  Scale,  to  the  firft  Figure  to  the  left  Hand^ 
and  extend  the  other  Foot  to  the  fecond  Figure  of  the  given 
Number  at  the  EnJ  of  the.  Scale,  as  before ;  take  the  Com- 
pafies from  the  Scale,  and'  go  down  the  parallel  Lines,  'till  70U 
come  to  the  Line  that  has  the  fame  Figure  againft  it  at  tbe 
End  with  tbe  laft  Figure  to  the  right  Hand  in  your  given 
Number  ;  here  place  one  Foot  of  the  Compafies,  and  extend 
the  other  to  where  this  Parallel  crofies  the  Diagonal  at  ibe 
End  of  tbe  Scale  which  is  marked  with  the  fecond  Figure  of 
y«)ur  given  Number  \  this  is  the  Extent  required, 

ExamfUm 
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Example.  To  take  946  from  the  Scale,  fet  one  Foot  of  the 
CompalTes  to  9,  and  extend  the  other  to  the  Diagonal  marked 
4  on  the  Edge  at  the  End  of  the  Line  \  take  the  Compafles 
from  the  Scale,  and  go  down  to  the  Parallel  marked  6  at  the 
End  }  fix  one  Foot  of  the  Compafles  on  this  Paralld,  and 
extend  the  other  to  where  the  Diagonal  marked  4  crofies  the 
Parallel ;  this  is  the  true  Extent  for  the  given  Number. 

Here  it  is  to  be  obferved,  that  both  the  Diagonals  and 
Parallels,  for  Want  of  Room,  have  only  the  Numbers  2,  4, 
6,  8 »  io  that  I  >  3)  5)  79  and  9,  are  not  marked. 

Prob.  20.  In  the  rigbt-angUd  Triangle  ABC,  right^afigted 
ct  B,  given  the  Hypotbenufe  A  C  59.4,  and  the  Perpendicular 
B  C  35.66}  Ufind  the  Baft  A  B,  and  the  Angles  at  A  and  C. 

ConJIruHion.  Draw  the  Bafe-Line 
A  B  at  Pleafure,  and  on  the  Point  B 
creA  the  Perpendicular  B  C,  of  a 
proper  Length  \  then  take  the  given 
Length  35.6  from  the  Scale,  by  the 
general  Rule,  Prob.  19,  and  fet  it  from  J^ 
B  to  C :  Take,  by  the  fame  Rule, 
the  Hypotbenpfe  59.4  from  the  Scale,  and,  with  one  Foot 
of  the  Compafles  in  C^  interfed  the  B«fe-Line  A  B  in  A  $ 
then  draw  the  Line  A  C,  and  the  Trimgle  is  completed. 

Here  the  Hypotbenufe  is  given,  and  oppofite  the  right 
Angle;  and  the  Perpendicular  BC  is  alfo  given,  which  is 
oppofite  the  Angle  A,  one  of  the  Parts  required  ^  which  may 
be  found  by  the  following  Proportion : 


As  the  Hypotbenufe  A  C,  59,4, 


»M 


1.773786 


Is  to  the  Radius,  or  the  Sine  of  the  Angle  at  B^    10. 

So  is  the  Perpendicular  B  C,  35,66,  ^      —        1.552241 

XI. 552241 
1.773786 


To  the  Sine  of  the  Angle  at  A,  36*'  •  54%         9*77^455 

The  Angle  at  A  may  be  rocafured  by  Prob.  9. 
Now,  the  Angle  at  A  being  found,  and  oppofite  to  the 
given  Perpendicular  B  C,  the  Bafe  A  B,  oppofite  to  the  Angle 

F  f  C  53* 
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C  53'' .  b\  the  Complement  of  A,  may  be  found  by  the  fot- 
lowing  Proportion,  as  in  the  laft  Problon : 

As  the  Sine  of  the  Angle  at  A,  36^ .  $4^    "^  9'7784S5 

Is  to  the  Perpendicular  BC*  35.66,        —         1. 5 52241 
So  is  the  Sine  of  the  Angle  at  C,  53^.6%        9*902919 

■■■^-■— ^'  ■■  — 

It. 455160 
9-778455 


To  the  Bafe  A  B,  47.5,  ■  1.676705 

Which  may  be  meafured  by  the  general  Rule,  Prob.  19. 

Prob.  2T.    In    ihi    right-angled  TriangU   ABC,    rigk' 
angled  at  fi,  given  the  Hypotbenufe  A  C  59.4,  and  the  Jh^le 
»/  A  36^  .  54 ,  to  find  the  Bafe  A  B,  and  the  Ptrfindicur 
^lar  B  C. 

Conftru^ion.  Draw  a  Bafe-Line  at 
Pleafure,  as  before,  and,  from  the 
Point    A,    fet    off   the    given   Angle 

J 6** .  54"  from  the  Line  of  Chords,  by 
rob.  8 ;  draw  the  Hypotbenufe  A  C 
to  .a  convenient  Length,  and,  from  the  a  ^ 
diagonal  Scale,  by  the  general  Rule,  "^^ 
Prob.  19,  take  59,4  in  the  Compafies,  and  fet  it  from 
A  to  C;  from  the  Point  C  let  hW  a  Perpendicular  to 
the  Line  A  B,  by  Prob.  4,  Cafe  2,  and  the  Triangle  is 
completed. 

Here  the  right  Angle,  which  is  always  known,  is  oppofite 
the  given  Hypotbenufe ;  and  the  Angle  at  A  is  given,  and 
oppofite  the  Perpendicular,  one  of  the  Parts  required  ;  which 
may  be  found  by  the  following  Proportion  : 

As  the  Radius,  or  Sine  of  the  Angle  at  B)      lo. 


Is  to  the  Hyi^othenufe  A  C,  59.4,       — —         i -7 73786 
So  is  the  Sine  of  the  Angle  at  A,  36* .  54',       9-778455 

To  the  Perpendicular  B  C,  35.66,      — —         1.55224X 

Which  may  be  meafured  by  the  general  Rule,  Prob.  19. 

go*  .orf 
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36    »  54  Angle  at  A. 


53    •     6  Angle  at  C 

In  this  Proportion,  the  firft  Term,  being  the  Radius,  is 
fubtnAed,  by  omitting  ten  in  the  Index  of  the  Sum  of  the 
Ibcond  and  third  Terms.  And',  for  finding  the  Bafe,  having 
the  right  Angle  oppofite  the  Hypothenufe,  and  the  Angle  ac 
C  53^  •  b'  oppofite  the  Safe  A  o,  the  other  Part  required,  ufe 
the  folbwing  Proportion : 

As  the  Radius,  or  Sine  of  the  Angle  at  B,  10. 


Is  to  the  Hypothenufe  A  C,  59.4*        — ^-^  ^'773786 

So  is  the  Sine  of  the  Angle  at  C,  53"* .  6\     -—     9.9029 19 

To  the  Bafc  A  B,  47.5,  ■■  J.6767P5 

• 
Which  may  be  meafured  by  the  general  Rule,   Prob.  19. 

The  Radius,  being  here  the  firft  Term,  is  deduced,  as  in  the 

laft  Proportion. 

Prob,  22.  In  the  right-angled  Triangle  ABC,  right-angled 
ai  B,  given  the  Ba/e  A  B  47.5,  and  the  Angle  at  A  ^^ .  54% 
t§/lnd  the  Hypothenufe  A  C,  and  the  Perpendicular  BC. 

ConftruSfion.  Draw  a  Bafe-Line  A  B 
at  Pleafure,  and  from  the  Scale,  by 
the  general  Rule,  Prob.  19,  take  47.5« 
which  fet  from  A  to  3  ;  then,  by 
Prob.  8,  make  an  Angle  of  36^  •  54^ 
at  A,  thro'  which  draw  the  Hypo-  a  ^  1 
thenufe  AC  to  a  convenient  jLength  ;  -^  ' 

laftij^  raife  a  Perpendicular  on  the  Pobt  B,  by  Prob.  3,  to 
interfe6l  the  Hypothenufe  in  the  Point  C,  and  the  Triangle 
is  completed, 

90*  .  00'    . 

36    .  54  Angle  at  A. 


53    •    6  Angle  at  C. 

The  Angle  at  C  is  oppofite  the  given  Bafe,  and  the  right 
Angle,  which  is  always  known,  is  oppofite  the  Hypothenufe 
AC,  one  of  the  Parts  requiped ;  whenc^f 

As 
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As  the  Sine  of  the  Angle  at  C,  53** .  6',   —    9.902919 

Is  to  the  Bafe  A  B,  47.5,  ■    '■'  1.676694 

So  is  the  Radius,  or  Sine  of  the  Angle  at  B,         10. 

11.676694 
9.902919 


To  the  Hypothenule  A  C,  59.4,        •— -  '-773775 

Now,  we  have  the  fame  Angle  C  oppofite  the  given  BafeM 
before,  and  the  given  Angle  A  oppofite  the  Perpendicular  B  C, 
the  other  Part  required ;  therefore, 

As  the  Sine  of  the  Angle  at  C,  53"* .  6\  9.902919 

Is  to  the  Bafe  A  B,  47.5,  '     ■  1.676694 

So  is  the  Sine  of  the  Angle  at  A^  36^ .  54%      9-778455 

11.45514^ 
9.902919 


To  the  Perpendicular  B  C,  35.66,       — —        1.552230 

The  Hypothenufe  and  Perpendicular  may  be  meafuied  by 
the  general  Rule,  Prob.  19. 

Prob.  23.  In  the  right-angkd  Triangk  ABC,  rigbt-at^Ui 
at  B,  given  the  Perpendimlar  B  C  35.66,  and  the  AngU 
at  C  53° .  6\  to  find  the  Hypothenufe  A  C,  and  Bafe  A  B. 

ConJiru£iton.  Draw  a  Bafe*  Line  at  C 

Pleafure,    and  on  the  Point  B  ere£t  a 
Perpendicular,   by  Prob.  3 ;    from  the 
diagonal  Scale,    by   the  general  Rule, 
Prob.  19,  fet  off  35^66  from  B  to  C ; 
then,  by  Prob.  8,  make  an  Angle  at    a  >^       q 
C  of  53^.6^,  thro'  which  draw  the  "• 
Hypothenufe  A  C,  'till  it  interfeds  the  Bafe  A  B  in  the  Point 
A^  and  the  Triangle  is  completed. 


.0      -  -' 


90"   .  CO 

53    •     6  Angle  at  C* 


w— 


36   .  54  Angle  at  A. 

The 


I 
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The  Angle  at  A  is  oppofice  the  given  PerpendicuLir  B  C^ 
and  the  Angle  at  B  i3  oppofue  to  the  Hypotheaufe  A  C,  one 
of  the  Parts  required  ;  therefore. 

As  the  Sine  of  the  Angle  at  A,  36® .  54%         9*778455 

Is  to  the  Perpendicular  BC,  35.66,        —         I.552181 
So  is  the  Radius,  or  Sine  of  the  Angle  at  B,     10, 

11.552181 
9-778455 


To  the  Hypothenufe  A  C,  59.4,        — —         1.773726 

The  Hypothenufe  may  be  meafured  by  the  general  Rule, 
Prob.  19. 

Now  we  have  the  right  Angle  at  B  oppofite  the  Hypo- 
thenufe found  by  the  former  Proportion,  and  the  Angle  at 
C  53'' -6' 5  whence. 

As  the  Radius,        ■  — —         10. 


i*m 


Is  to  the  Hypothenufe,  59.4,        ■     ■    ■ 
So  is  the  Sine  of  the  Angle  at  C^  53°.  b\ 

To  the  Bafc  A  B,  47.5,. 


1.773786 
9.902919 


"     ' '    '  1.676705 

Which  may  be  meafured  by  the  general  Rule,  Prob.  19. 
The  firft  Term  being  the  Radius,  I  omit  ten  in  the  Sum  of 
the  fecond  and  third  Numbers,  as  at  Prob.  21. 

Prob.  24.  In  the  rigbt-angled Triangle  ABC,  rtgbt-angled 
at  B,  given  the  Bafe  A  B  47.5,  and  the  AngU  at  C  53® ,  6% 
Ufind  the  Hypothenufe  A  C,  and  Perpendicular  B  C, 

90^ 
S3 


00 
6  Angle  at  C. 


36    .  54  Angle  at  A. 

Conjlru^ion.  Draw  the  Bafe- Line 
AB  at  Pkafure;  take  47.5  from  the 
Scaler  by  the  general  Rule,  Prob.  19, 
and  fet  from  A  to  B  ;  arid  on  the 
Point  B  ereA  a  Perpendicular,  by 
Prob.  3,  to  any  convenient  Length ;  a . 
then  make  an  Angle  at  A  of  36^  .54%  ^ 
the  Complement  of  the  given  Angic  C>  by  Prob.  8,  and  dmw 

the 
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the  Hypothenufe  AC  'till  it  interereas  the  Perpeodicuhr  in  C, 
and  the  Triangle  is  completed. 

Here  is  given  the  Angle  C»  and  the  Bafe  A  B  oppofite  to  it ; 
and  the  right  Angle  B,  which  is  always  known,  is  oppofite 
the  Hypothenure  A  C,  one  of  the  Parts  required  \  whence. 

As  the  Sine  of  the  Angle  at  C,  53^.6^,    —    9«9029i9 


Is  to  the  Bafe  A  B,  47. 5*  ■ 

So  is  the  Radius,  or  Sine  of  the  Angle  at  B, 


To  the  Hypotfaenufe  A  C,  59.4, 


1 .676694 

10. 

11.976694 
9.902919 

I '77  3m 


Now  we  have  the  right  Angle  at  B  oppofite  th&  Hypo- 
thenufe  (bund  by  the  laft  Proportion,  and  the  Angle  at  A 
36^.  54'  oj^fite  the  Perpendicular  B  C,  the  Part  required  j 
whence. 

As  the  Radius,  ■  


10. 


Is  to  the  Hypothenufe  A  C,  59.4,        — '  1.773786 

So  is  the  Sine  of  the  Angle  at  A,  36^^ .  54'',      9-77845$ 


To  the  Perpendicxdar  B  C,  35.66, 


1.552241 


Here  the  Radius  being  the  firft  Term,  ten  is  omitted  in  the 
Index  of  the  Sum  of  the  other  two  Terms,  as  at  Prob.  21. 
And  the  Hypothenufe  and  Perpendicular  may  be  meafiired  by 
the  general  Rule,  Prob.  i^. 

♦ 

Prob.  25.  In  the  right-angled  Triangle  ABC,  right-angled 
at  B,  given  the  Bafe  AB  47.5*  Mnd  the  Perpendicular  BC 
35.66,  to  find  the  Angles  A  and  C^  and  the  Hypethenufe  A  C. 

Conftru&ion.  Draw  a  Bafe-Line  A  B 
at  Pleafure  \  take  from  the  diagonal 
Scale  47.5,  by  the  geiieral  Rule,  Prob. 
19^  and  fet  from  A  to  B ;  at  B  ere£t 
a  Perpendicular  B  C,  on  which,  by 
the  fame  Rule,  lay  35.66  from  B  to  A- 
C  ;  then  draw  the  Hypothenufe  A  C,  "^ 
and  the  Triangle  is  completed. 
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Ifl  this  Cafe  the  Learner  will  obierve,  that  there  are  no 
two  oppofite  Parts  known ;  the  Hypotfaenufe  A  C,  oppofite 
the  right  Angle  at  B,  being  unknown,  as  are  the  two  Angles 
A  ana  C,  oppofite  the  given  Sides  :  Hence  this  can't  be  ibived 
by  the  general  Rule,  rage  212  s  but  may  be  foWed  by  the 
following  Proportion : 

As  the  Bafe  A  B,  47,5,  ■  1,676694 

Is  to  the  Radius,  — —  ——         lo. 

So  is  the  Perpendicular  B  C,  35.66,        —        1.552181 

II.552I8I 

1.676694 


To  the  Tangent  of  the  Angle  at  A,  36^'.  54%      9*875487 

Having  found  the  Angle  at  A  oppofite  the  given  Perpen- 
dicular, we  have  the  right  Angle  at  B  oppofite  the  Hypo- 
thenufe,  the  other  Part  required  ^  which  may  be  found  as  in 
Prob.  23 ;  thus. 

As  the  Sine  of  the  Angle  at  A,  36<'.54%         9*778455 


mmm 


h  to  the  Side  B  C,  35.66,  ■  1.552181 

So  is  the  Radius,  or  Sine  of  the  Angle  at  B,     10. 

II.552I8I 

9-778455 


T(f  the  Hypothenufe  AC,  59.4,         —        1.773726 

The  Hypothenufe  may  be  meafured  by  the  general  Rule, 
Prob.  19.  And,  fubtradling  36^  •  54"^,  the  Angle  at  A^ 
from  90^,  it  leaves  53^  .  6^  for  the  Angle  at  C,  both  which 
may  be  meafured  by  Prob.  9. 
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Oblique  Plain  Trigononietry, 

Tbe  five  Cafes  of  oblique-angled  Triangles  are  (blvedby  tbt 
three  ibUowing  Rules, 

When  the  Sides  and  Angles  are  oppofite: 

Rule  I.   As  tit  right-aBglc4  Triaagks. 

As  the  Sine  of  any  Angle 

Is  to  its  o|>pofite  oide. 

So  is  the  Sine  of  any  other  Angle 

To  its  oppofite  Side : 

Or, 

As  any  one  Side 

b  to  tbe  Sine  of  its  oppofite  Angle, 

So  is  any  other  Side 

To  the  Sine  of  its  oppofite  Angle. 

Mule  2.  When  any  two  Sides  with  the  Ang^  bdweco 
them  are  given. 

As  the  Sum  of  any  two  Sides 
Is  to  their  Difierence, 

So  is  the  Tangent  of  the  Half  Sum  of  the  two  oppofite  Angles 
*  To  the  Tangent  of  Half  the  Difference  of  tboft  twp  Aoi^' 

Which  Half-Difference,  being  adeed  to  tbe  Hatf-S«^  t^ 
tbe  greater  of  the  two  Angles ;  and,  being  fubtradcd  fro>& 
tbe  Half-Sum,  leaves  the  lefs  of  the  two  unknown  Angles. 

Rule  3.  When  the  three  Sides  are  given  to  find  the  Angles. 

As  the  Bafe-  of  any  Trianglo 

Is  to  the  Sum  of  the  other  two  Sides, 

So  is  the  Difierence  of  thofe  Sides 

To  the  Diffeience  of  the  two  Segments  of  tbe  Bafe,  made  by 
letting  fall  a  Perpendicular  to  the  Bafe  from  the  Angle  oppo&te 
to  it. 

The  Learner  being  now  a  little  ufed  to  this  Sort  of  Pro- 
portions, it  will  be  proper  to  (hew  him  how  to  perform  tbco 
without  fubtradling  the  firft  Number  from  the  Sum  of  the 
fccond  and  third  ;  which  is  done  by  fetting  down  the  ariih- 
metical  Complement  of  the  firft  Term  inftead  of  the  Logarithm. 


■A 
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•Thi$  Yn&y  be  nadily  4one  thus.:  Subtrad  the  iirft  Figure  of 
the  Logtfithtn  to  the  right  Hand  from  1O9  and  fet  down  the 

*  Remainder  (  then  fubtra^  each  of  the  other  Figures,  Index 
and  aJl^  from  9^  fetting  down  the  Remainders,  and  place  a 
Dot  before  the  Index^  as  in  the  Cafe  of  the  Logarithm.  Thus 
the  arithmetical  Complement  (ufuajly  marked  Co.  Ar.)  of  the 
Logaritkin  9.778455  is  o,a2i545  ;  and  (o  of  any  other. 
When  the  arithmetical  Complement  of  the  /irft  Term  is  ufed 
inftead  of  the  {.logarithm,  add  all  the  thiee  Numbers  together, 
and  rrje£l  ten  out  of  the  Index  of  their  Sum,  as  in  thofe  Cafes 
wberethe  Radius  is  the  firft.Term. 

Prob.  2%^  In  the  fiblique-angkd  Triangle  A  6  C^  givm  the 
AngU  A  36"=" .  4o\  the  AngU  at  C  60"^ .  %l\  and  the  Safe 
A  C  85.6,  tojind  the  ether  twe  Sides* 

GeffftrwRim.  Dr aiif  fthe  fidb  A  C 
at  Pleafore,  and  fet  off  ftom  the 
diagianat  8tak»  l^Hhe  gcAend  Rule, 
Prob.  19,  the  given  Length  85*69 
from  A  to  C ;  then,  by  Prob.  8, 
meSos  an  Aiigk  «f  36''  •  46^  at  A,  fiti 
and  n  Angle  of  60^.51'  at  C,  . 

and  tim  Meeting  ct  thdb  i#o  Lines  ia  B  cMtpkies  tb* 
Triangle^ 

When  two  Angles  of  any  Triangle  are  given,  their  Suro^ 
beiiM;  fubtraAed  from  180  ^«  leavM  the  third  Angle.  Tfaereforl, 
in  tnis  Cale,  97^.31^,  being  fubtraded  from  180%  leaves 
82^*  29^  for  the  Angle  at  B :  Hetice  w6  have  the  Angle  at 
B  oppefila  fhe  given  Ba(e,  and  the  Angles  at  A  and  C  oppofite 
the  two  required  Sideis  \  which  may  be  fdUnd  by  the  firft  Kulfr, 

aa  fo)k)Wi»: 

As  the  Sine  of  the  Angle  at  B,  82® .  29%  Co,  Ar.  0.003743 
is  t»  the  Safe  A  C,  •5*6,  *-"  ■  ..i  b  .    .       1.932474 

So  is  the  Sine  of  the  Angle  at  A,  36** .  40%       ^^    9.776O90 

To  the  Side  EC,  51.55,        — —        1.71231a 

As  the  Sine  of  the  Ahgle  at  B,  82** .  49^,  Co.  Ar.  0.OO3748 
Is  to  the  Bafe  A  C,  85.61  —  — —  1.932474 
So  is  tbe  Sine  <rf  the  Angle  At  C,  60^  .51%     —      9.941187 

To  the  Side  A  B,  75,4,      ,- 1-877409 

The  Sid^  B  C  and  A  B  may  be  meafured  by  the  general 
Rule,  Pr^b.  lo^  ^  .  ^ 

0  g    .  But 
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But  in  this  Cafe,  of  two  Angles  and  tte  ipdndcd  Sifc  pfOi^ 
if  the  Included  Side  is  dot  the  Bafc,  it  wiB  make  fane  Di^ 
ference  in  the  Conftrudion  ;  therefore,  in  the  Troorie  ABC, 
the  Andcat  A36*.40%  the  Angle  at  BSo^.ag  ,  arfUic 
Side  A  B  75.4  given,  to  find  the  other  two  Sides, 

ConftruSfhn.  Draw  the  BaTe  A  0 
at  Pleafure,  and  on  any  Point  zU 
fumed,  as  A,  make  an  Angle  of 
j6**  •  \%\  by  Prob.  8 ;  take  75.4 
from  the  diagonal  Scale,  by  the 
seneral  Rule^  Prob.  10,  in  the 
Compafles,  and  fet  it  from  A  to 
B ;  then,  by  the  fame  Prob.  8,  make  an  Angle  of  82* .  29' 
at  B,  and  draw  BC  'tUl  it  interfeds  the  Bale  in  C,  and  ths 
Triangle  is  completed. 

Here  we  have  two  Angles  given,  whofe  Sun,  beioR  fab* 
traced  from  180^,  gives  60^ .  sT  for  the  An^  at  Ci  bf 
which  the  unknown  Sides,  may  be  finmd  iiy  &  firft  Rnk^ 
as  follows : 

As  the  Sine  of  the  Angle  at  C,  60^ .  5  it^,     Co,  Ar.  o.«5BSi3 
Is  to  the  Side  A  B,  75.4,  ■    '  ■    ■   ■  i>877|7i 

So  Is  the  Sine  of  the  Angle  at  A,  36^ » 40^     —      9*776090 

To  the  Side  B  C,  51.55,  >  t.^l^^J^ 

And, 
As  the  Sine  of  the  Angle  at  C,  60*.  51%    Co.  Ar.  0.058813 

Is  to  the  Side  A  B,  75.4,        —        x.877371 

So  Is  the  Sine  of  the  Angle  at  B,  82^ .  29%      -^      9.996152 

To  the  Bafe  A  C,  85.6,       1*932436 

The  Side  B  C  and  Bafe  A  C  may  be  meafured  by  the  gencnl 
Rule,  Prob.  19. 

Prob.  ay.  tm  tbi  •iUqui-angUd  Trimitli  ABC,  ^rMi  ik 
B^fi  A  C  85.6,  ibi  Angli  at  B  Sa"" .  zg\  and  tbi  jhgk  C 
60^  •  5 1%  t$J!ml  tbi  itbir  twi  Sidis. 

dnftruStUn.  Draw  the  Bafe  AC, 
smd  from  the  diagonal  Scale  fet  off 
85.6  from  A  to  C ;  at  C,  by  Prob. 
8,  nuke  an  Angle  of  60^.51'' ^ 
then  the  Angle  at  A,  being  the 
Supplement  of  the  Sum  of  tlie  other  A  < 
two  Angles  to  i8o%  wiH  be  '^^ 
36^.40'i  by  the  fiunc  Prob.  8,  makeaa  Ang^  of  36''.4o' 

at 
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U  A,  tad  draw  the  Line  A  B  /till  it  'mtukSts  CB  iQ  the 
Point  B,  and  the  Triangle  is  completed. 

Here  having  the  Angle  B  oppofite  the  known  Side  A  C, 
and  the  Angles  A  and  C  oppofite  the  required  Sides,  they  may 
be  fi)und  by  the  firft  Rule,  as  follows : 

As  the  Sine  of  the  Angle  at  B,  62^ .  29',     Co.  Ar.  ©•00374$ 
Is  to  the  Bafe  AC,  85.6,  ■  193^474 

So  U  the  Sine  of  the  Angle  at  A,  36® .  40%     —     9.776090 

■  ■■ 

To  the  Side  B  C,  51.55,  > 


1.712312 


And, 


As  the  Sine  of  the  Angle  at  B,  82^  •  29^",     Cct*  Ar.  0.003748 
Is  to  the  Bafe  i^C,  85.6,  ■  1.932474 

So  is  the  Sine  of  the  Angle  at  C,  60"^  •  5^%      -r      9*94i  187 

■  > 

To  the  Side  A  B,  75.4,        — f-*  ^— •        1^877409 

The  Sides  BC  and^AB  may  be  meafiired  by  th^  general 
Rul^  Prob.  19. 

In  this  Cafe»  of  two  Angles  and  an  oppofite  Side  gitreo,  if 
the  given  Side  is  iH>t  the  Bafe,  the  Conftniftion  will  be  fome* 
what  diffeitnt ;  tberefore,  in  the  oblique-angled  Triangle 
ABC,  given  the  Side  B  C  51.56,  the  Angle  at  A  ib"" .  40, 
and  the  Angle  at  C  60°  •  51  >  «>  ^nd  the  other  Sides. 

'   C^nftru^ion.  Draw  the  Bafe  A  C 

at  Pleafure,  and  on  any  Point  af« 

Auned,  as  C,  by  Prob.  8,  make  an 

Angle  of  60^  •  51^  S  ^1^  general 

Rute,  Prob.  19,  fetoff  5i.<6froni 

C  to  B  i  at  B,  by  the  fame  Prob.  8, 

make  an  Angle  of  82^.29%  the 

Supplement  of  the  two  given  Angles  to  x8o^,  and  draw  B  A 

'till  interfeds  the  Bafe  in  A,  and  the  Triangle  is  completed. 

Here  we  have  the  Angle  A  oppofite  the  known  Side  B  C, 
the  Angle  C  oppofite  the  Side  A  B,  and  the  Angle  B,  the 
Supplement  of  the  other  two  to  180^,  oppofite  the  Bafe  AC, 
the  other  unknown  Side  $  which  may  be  both  found,  as  in  the 
fpriner  Example,  by  the  following  Proportion  : 
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As  the  Sine  of  the  Angle  at  A,  36** .  40',    Co,  Ar.  0.M39C9 
Is  to  the  Side  B  C,  51.55,  ■  .        1. 712219 

Sq  i^  the  Angle  »c  Ci  6o*'.5i',  — ^  9«<Hii^7 

To  the  Side  A  B,  75.4,  ■'■■  1*977325 

An(J, 
As  the  Sine  of  the  Angle  at  A,  36® .  40',     Co.  Ar.  0.223909 

Is  to  the  Side  B  C,  51.55,  •  1.712229 

So  is  the  Sine  of  the  Angle  at  B,  82"* .  29',      —      g.996252 

To  the  Bafc  A  C,.85.6,        '.932390 

The  Side  A  B  and  Bafe  A  C  may  be  meafured  by  the  general 
Rule,  Prob.  19. 

Prob.  28.  fn  the  ohllfue-angled  Triangle  ABC,  given  the 
Side  BC  51.5^,  the  Side  A  B  75.4,  and  the  jlngU  at  A 
36^.  40",  to  find  the  Bafe  A  C,'  and  the  Angles  at  B  and  C. 

Conftrueilon.  Draw  the  Bafc  A  C 
at  Pleafure,  and  on  any  Point  af- 
fumcd,  as  A,  by  Prob.  8,  make  an 
Angle. of  36°  .  40'  i  take  75.4 
from  the  Scale,  t^  the  general 
Rule,  Prob.  19,  and  (tx  from  A 
to  B;  then  take  5i»56  from  the 
Scale,  and  fet  one  Foot  of  the  CompafTes  in  B^  and  with  tbe 
other  interred  the  Bafe  in  C  ;  laftly,  draw  B  C,  and  the 
Triangle  is  completed. 

Here  we  have  the  Side  B  C  oppofite  the  known  Angle  at  A, 
^^nd  the  Side  A  B  oppofite  the  unknown  An^e  at  C,  which 
may  be  found  by  the  following  Proportion,  according  to  the 
fiift  Rule : 

• 
As  the  Side  B  C,  51.55,  — —  Co,  Ar,  8.287770 

Is  to  the  Sine  of  tbe  Angle  at  A,  36*" ,  40'',      —      9.776090 
So  is  the  Side  AB,  75*4,  ■  i-^7737' 

To  tbe  Sine  of  the  Angle  at  C,  60^  •  5  >  9      "^      9*941^' 

Having  found  the  Angle  at  C,  the  Anglf  at  B  it  found  lo 
be  82^ .  29%  by  fubtraflingahe  Sum  <^f  the  other  two  AngM 
from  180°,  both  which  may  be  mcafurcd  by  Prob.  9  ;  then, 
for  the  Bafe  A  C^ 

r  As 
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^As  the  Sine  of  the  Angle  at  A,  36* .  40',      Co,  An  0.223910 
Is  to  the  Side  B  C,  51.55,  ■  ■  i. 712229 

So  b  the  Sine  of  the  Angle  at  B^  82* ,  29',      —     9.996252  ^ 

To  the  Bafc  A  C,  85.6,  ■''  ■  '•93^39* 

The  Bafe  A  C  oiay  be  meafured  by  the  general  Rule» 
Pfob.  19- 

But  here  it  is  to  be  obferved,  that  this  Cafe,  where  two 
Sides  and  an  Angle  oppofite  one  of  them  are  given,  is  an 
ambiguous  Cafe^  and  admits  of  two  Solutions,  unlefs,  as  in 
thcfe  Examples,  the  Side  oppoiite  the  given  Angle  is  longer 
than  the  other  given  Side :  Thb  will  appear  by  the  Con- 
ftru£lion  :  For,  if,  in  the  Triangle  ABC,  the  Bafe  A  B  45.3, 
the  Side  BC  34.6,  and  the  Angle  at  A  40*^.20%  were  given 
to  find  the  Side  A  C,  and  the  two  Angles  B  and  C,  it  admits 
of  two  Solutions. 

ConftruHion.  Draw  the  Bafe  A  B, 
and  fet  off  45.3,  by  the  Scale,  from 
A  to  B  s  then,  by  Prob.  8,  make 
an  Angle  at  A  of  40*^.20'',  and 
draw  the  Line  A  C  to  a  convenient 
Length  ;  take  34.6  from  the  Scale, 
by  the  general  Rule,  Prob.  iq,  in 
the  CompafTes,  and  fee  one  Foot  in'B,  and  with  (he  othef 
interfeA  the  Line  A  C,  which  it  will  do  both  ip  C  and  D  ; 
whence  it  becomes  uncertain  whether  the  Side  AD  or  AC 
is  the  true  Solution,  which  can  only  be  determined  by  the  Cir- 
cumftances  of  the  Triangle  :  For,  if  the  Angle  at  C  was  to 
be  acute,  it  will  be  the  Side  A  C  ;  but,  if  the  Angle  was  to 
be  obtufc,  as  the  Angle  D  in  the  Triangle  A  D  B,  then  A  D 
would  be  the  Side  fought. 

Prob.  29.  In  the  ehUqui-angled  Triangle  ABC,  given  the 
Side  A  B  75.4,  the  Bafe  A  C  85.6,  and  the  included  Angle  a^ 
A,  to  find  the  other  two  Angles  B  and  C,  and  the  Side  B  C. 

ConJiruSlion.  Draw  the  Bafe-Line  -^ 

A  C  at  Pleafure,  and  from  the  dia-  -*^ 

gonal  Scale  fet  off  85.6  from  A  to 
C  ;  make  an  Angle  at  A  of  36^.40", 
by  Preb.  8,  and  draw  AH;  then 

take  75.4  from  the  Scale,  and  fet  it    K^  I  "^^C 

from  A  CO  B  }  laftly,  djaw  the  Line 
B  C,  and  the  Triangle  is  completed.  Here 
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Here  we  have  given  the  two  Sides  A  C  tnd  A  B,  with  the 
Angle  included  between  them  ;  and,  therefore,  this  Cafe  can- 
not be  done  by  the  firft  genend  Rule,  as  neither  of  the  Sides 
is  oppofite  the  given  Anzle  $  but  muft  be  folved  by  the 
fecond  Rule,  Page  224.  Now,  as  the  three  Angles  of  every 
Triangle  are  equal  to  two  right  Angles,  or  i8q^,  the  Angle 
at  A  36** .  40',  being  fubtrafted  from  iSo**,  leaves  143® .  20', 
the  Sum  of  the  two  unknown  Angles  B  and  C,  Half  of  which 
is  7 1  ^  •  40^" ;  and  Half  their  Difference  may  be  found  by  the 
following  Proportion,  according  to  the  iaid  fecond  Rulb : 

As  the  Sum  of  the  two  Sides,  161,  Co»  Ar.  7*793174 

Is  to  their  DifFerencc,  10.2,             ■     ■   ■  ■     ■  i.oo86oo 

So  is  the  Tangent  of  the  Half-Sum  of  the  1  ^. 

unknown  Angles,  71^40%  J    "•47WS 

To  the  Tangent  of  Half  their  Difference,  lo* .  i',     9,281469 

If  to  the  Half-Sum  of  the  unknown  Angles  B  and  C  Half 
their  Difference  is  added,  the  Sum  is  the  greater  Angle ;  and, 
if  from  the  Half-Sum  the  Half-Difiercfice  is  fubtraded,  tiic 
Remainder  is  the  leifer  of  the  two  unknown  Angles  : 

* 
7 1  **  •  40'  Half-Sum. 
10    .49    Half-Difference, 


—m* 


82    .29    greater  Angle. 
60    .51    Icflcr  Angle. 

Now,  becauie  the  greatefl  Side  is  always  oppofite  to  the 
greateft  Angle,  the  Angle  at  B  muft  be  greater  than  the  Angje 
ar  C  :  And,  having  found  the  two  Angles  B  and  C,  the  Side 
B  C  may  be  found  by  the  following  Proportion,  as  at  ]l?rob.  27 ; 

As  the  Sine  of  the  Angle  at  B,  82® .  29%     Co,  Ar.  o»003748 
h  to  its  oppofite  Side  A  C,  85.6,  ■  I-93H74 

So  is  the  Sine  of  the  Angle  at  A,  36** ,  40",      —      9.941 187 

To  its  oppofite  Side  B  C,  51.56,  — *  1*877409 

Which  may  be  meafured  by  the  general  Rule^  Prob.  19$ 
and  the  Angles  B  and  C  may  be  mcafiircd  by  Prob.  9. 

Prob. 
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Prob.  30.  In  tbi  9bltqui*angUd  TriangU  ABC,  given  the 
SidiAB  75.4,  the  Side  B C  51.56,  and  the  Baft  A  C  85.6, 
U  find  the  Angles. 

Cenflruaiin.  Draw  the  Safe  A  C, 
and  fet  off  8^.6  from  A  to  C  ;  take 

5.4  in  the  CompafTes,  and  fet  one 

oot  in  Ay  and  with  the  other  draw 
an  Arch}  then  take  51.56  from  the      .     >^x« 
fime Scale,  and  fet  one  r oot  of  the   A  ^^    ^\ — 1 — yL\ p 
Conpaffes  in  C,  and  with  the  other  ""  A.— • '  ^ 

interfedt  the  former  Arc(i  in  B  ;  from  h  draw  Lines  to  A  and 
C,  and  the  Triangle  is  completed. 

Here  beins  no  Angle  given,  this  Problem  muft  be  folved  by 
the  third  Rule,  in  the  folbwing  Manner :  Place  one  Foot  of 
the  Compaffes  in  B,  and  extend  the  other  fo  as  to  "take  in  the 
fliorteft  Side  BC,  and  draw  the  Arch  C£;  ftom  B  let  hR 
a  Perpendicular  on  the  Bafe  AC,  which  will  divide  it  into 
two  S^mentSy  C  D  the  lefi,  and  A  D  the  greater,  whofe  Dif- 
ference is  A  £ ;  then  by  the  following  Proportion,  according 
to  the  faid  third  Rule, 

As  the  Bafe  A  C,  85.6,        -~         Co.  Ar.  8.067526 

Is  to  the  Sum  of  the  two  Sides,  126.96,     '  2.103667 

So  is  the  Difference  of  the  Sides,  23.04,     *— —    i*3773o6 


•*■ 


To  the  Difference  of  the  Segments  of  the  BafCj  ?    .  ^  o 
or  AE,  35.359,        J     '^*  ^^^ 

Half  the  Difference  of  the  Segments,  being  added  to  Half  the 
Bafe,  gives  the  gteater  Segment  AD;  and  Half  the  Difference, 
heing  fubtradcd  from  Half  the  Bafe,  gives  the  leifer  Seg- 
ment CD: 

42.8      Half  tlie  Bafe. 
17.679  Half  the  Difference. 

60.479  greater  Segment  A  D. 


25.12'  If ffer  Segment  C  D. 

Or  thus,    The  Bafc  A  C  is     —    85.6 
Subtract  A  E      — — ^      35*359 

Remains  EC      •«— -     50,241 

And 
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And  as  £  D  ia  equal  to  D  C,  therefore  the  Half  of  50*24, 
or  25, 1 2,  is  D  C,  the  lefler  Segment :  And  as  £  D  is  the 
fame  as  DC,  that  Is,      ■   ■  ■  25.12 

If  to  that  we  add  AD,  or        -^— -        35-359 

The  Sum  is  A  D,  the  greater  ^ment,    ^^  60.479  ^  ^^oit^ 

Thus  is  the  obh'que- angled  Triangle  ABC  divided  into  two 
right-angled  Triangles,  A  B  D  and  C  B  D,  both  rig^-angkd 
at  D,  in  each  of  which  ai«  given  the  Baie  and  HTpotbenufe  to 
find  the  other  Parts,  which  may  be  done  in  the  ibilowiog 
Manner  :  Firft^  for  tbe  Ang^e  at  B  in  the  right-aisled 
Triange  A  B  D, 

As  the  Hypothenufe  A  B,  75.4,      -^       Co.  Ar»  8. 122629 

Is  to  the  Radius,  ■  >  ■  ■    *     •        lo.. 

So  is  the  Bafe  A  D»  60.48,  ■»  ■■■■     *"  1.781612 

To  the  Sine  of  tbe  Angle  at  B,  53^  •20'',    — -    9.904241 

The  Angle  at  A  is  36® .  40',  being  the  Complement  of 
the  Angle  at  B  to  90^. 

Then  for  the  Angle  at  Bin  the  right-angled  Triangle  CBD, 

As  the  Hypothenufe  B  C,  51.56,      —      Co»  Ar.  8.287770 

Is  to  the  Radius,      —         ■  ■  lO. 

So  is  the  Bale  D  C,  25.12,  ■  1.400020 

To  the  Sine  of  the  Angle  at  B,  29°.  9%     —     9.687790 

Whence  the  Angle  at  C  is  6o*.5I^  the  Complement  of 
2Q«>.  9'  to  90**  i  and  the  Angle  at  B  in  one  Triangle,  being 
added  to  the  Angle  at  B  in  th*  other,  is  82**.  29':  The 
Angle  at  B  in  the  oblique-angled  Triangle  ABC  and  the 
Angles  at  A  and  C  being  found  before,'  the  Solution  of  the 
Problem  is  finifhed. 

To  prove  Che  Truth  of  the  Calculation,  the  Angles  nuy  be 
meafured  by  Prob.  9, 

Having,  in  this  plain  and  eafy  Manner^  explained  to  the 
Reader  how  to  conftruA  the  Triangles  from  the  Parts  given, 
and  CO  find  the  required  Parts  by  Calculation,^  iball  now  ibcw 
the  Ufe  and  Application  of  Trigonometry;  and  firft  in  finding 
the  Multipliers  for  computing  the  Areas  of  regular  Polygons, 
as  was  promifed  in  Art.  60. 

Prob. 
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^ob.  31,  To  find  the  Area  rfany  regular  Pofygon. 

Rule.  Firft  iind  the  Center  of  the  Polygon,  (which  may 
Readily  be  done  by  Prob.  17)  and  draw  Lines  from  the  Center 
to  each  Angle  of  the  Polygon ;  thus  witt  the  given  Polygon 
be  divided  into  as  many  equal  Triangles  as  there  are  Sides : 
A  Perpendicular,  being  let  fall  from  the  Center  to  the  Middle 
of  one  of  the  SUeS)  Will  divide'  the  Triangle  into  two  right- 
a»^fld  Tri«qgk4>  in  which  will  be-  givea  the  Ang^  and  one 
Side  to  find  the  othfir  Side,  which  o^ay  be  done  by  Prob,  19 
pr  a4  \  and  (hop  tbe  Area  may  be  found  by  Art.  56. 

Exam.  I.  The  Side  of  the  Hexagon  ABCDEFbeing  lp» 
to  find  the  Area  i 

Divide  360,  the  Degrees  in  a 
Circk,  by  the  Nuipb^i  of  Sides  in 
the  given  Polygon,  and  the  Quo- 
tient is  the  Angle  at  the  Center  .^f 
each  Triangle,  whi^h  in  this  Ex-  A  ^ 
ample  is  60^,  the  Half  of  which 
is  the  Angle  FOG  so"".  In 
the  right-angled  Triangle  FOG, 
right-aitfled  at  O,  whofe  oppofite 
Side  F  G  U  5,  being  Half  the  Side 
F  E,  to  find  the  Perpendicular  G  O,  oppofite  the  Angle  at 
F  60^,  being  the  Complen^ent  of  the  Angle  at  O  to  go ^. 

As  the  Sine  of  the  Angle  at  O,  30^,       Co.  Ar.  0^301030 
Is  to  the  Side  F  G,  5,  ■!  m'  .-u  0.698970 

So  js  the  Sine  of  the  Ai^Ie  at  F,  60^,.     —    9»93753i 

< 

To  the  Pcrpendiculw  G  O,  8.$6o25>    ■  ■  0-93753^ 

Having  found  the  Perper9di6jlar  G  O,  if  that  is  multiplied 
by  the  Side  FG,  the  Produd  will  be  double  the  Area  of 
the  Triangle  FOG,  by  Arc.  56,  that  is,  it  will  be  the' 
Am  of  the  Triangle  FO  E^  which,  being  multiplied  by  6, 
gives  the  Area  of  the  given  Hexagon. 

8.66025  the  Length  of  G  O. 
5  the  Length  of  F  G. 


43.30125  Area  of  the  Triangle  FOE. 
6 


259.80750  Area  of  the  Hexagon. 


H  b  Trib 
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This  is  thf5  Area  of  an  Heieagon  whole  Side  n  lO ;  therefi>rc^ 
to  find  the  Area  of  an  Hexagon  whole  Side  i$  i»  the  Pto* 
portion  muft  be^  As  the  Square  of  lo  is  to  the  Square  of  i^ 
fo  19  the  Area  of  the  given  Hexagon  ta  the  Area  of  an  Hexagon 
wbofe  Side  is  I  $  fincc  all  iimUar  Figures  are  as  the  Squares 
of  their  Sides. 

As  TOO  is  to  I,  ib  is  259»8o75« 

loo)  259.8075  (2.598075  the  Multiplier  for  findbg  dw 
Area  of  an  Hexagon  m  the  Table,  Art.  6o. 

Thus  the  Area  of  any  regular  Figure,  whofe  Side  is  s, 
being  found,  is  a  Multiplier,  by  which  the  Square  of  the  Side 
of  a  like  Figure  being  multiplied,  the  Produd  is  the  Area  of 
the  figure  m^t. 

Exam.  2.  The  Side  of  the  Pentagon  A BC  D  E  being  lO, 
to  find  the  Area  t 

For  the  Angles  at  the  Center, 
360*^  bcfaig  divided  by  5,  the  Num- 
ber of  Sides,  give  72"*,  the  Half  of 
which  is  the  Angle  DOF  36"", 
whofe  Complement  to  90^  is  the  ]Q 
Angle  O  D  F  54*  j  therefore^  in 
the  right-angled  Triangle  DOF, 
right-angled  at  F,  are  given  the 
'  Side  D  F  5,  and  the  Angle  at  D 
54"*,  to  find  the  Perpendicular  FO, 
oppofife  the  Angleat  D :  Whence, 

As  the  Sme  of  the  Angle  at  O,  36®,        Co.  Ar.  6.2307 Ji 
Is  to  the  Side  D  E,  5,  .  0.698970 

So  is  the  Sine  of  the  Angle  at  D,  54^,     —        9*90795^ 

To  the  Perpendicular  F  O,  6.88 191,         ~       •0.837709 

Which,  being  multiplied  by  the  Side  D  F  5,  gives  the 
Area  of  the  Triangle  DOC;  and  that,  being  multiplied 
by  5,  the  Number  of  Triangles,  gives  the  Area  of  ikc 
Pentagon : 

6.88191  Length  of  F  O. 
5  Length  t)f  D  F. 


34.40955  Area  of  the  Triangle  DOC. 
5 


w>^ 


178.04775  Area  of  the  Pentagon. 


Nov, 
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K0W9  as  100)  the  Square  of  10,  the  eiven  Side^  is  to  the 
^Square  of  i,  lb  is  the  Area  of  the  given  Pentagoa  to  the  Area 
01  ^  PeatagoD  wbofe  Side  is  i. 

As  ICO  is  to  172.04775. 

100)  172.04775  (i« 7204775  the  Multiplier  for  the  Pentagon 

in  the  Table,  Art.  6o. 

In  the  next  Plaoe,  I  fliall  fhew  the  Ufe  of  Trigonometry  in 
mcafiiring  the  Be^hfii  of  Objeds,  or  the  Difiance  between 


Prob.  32.  T$  nuafau  tbt  Hfigbt  pfthi  Tmer  A  B. 


At  any  convenient  Diftaocp 
irom  the  Tower  A  B,  as  at 
C,  with  a  Quadrant  ta^ 
the  Angle  to  tl^e  Top  of  the  . 
Tower,  which  let  be  37''.  30^; 
meafuie  the  Diftance  C  D, 
which  let  be  39.7  Feet ;  andg 
when  you  have  taken  the 
Angle  at  C,  meafure  how 
high  the  Cemer  of  the  Qua- 
drant was  fiom  the  Qrx^und^ 
which  let  be  5.6  Feet. 


3 


ini 

*  , 

G 


A 


?•  twjirua  the  Figun :  J)raw  the  Line  C  D  at  Plea- 
liire,  andf  fet  off  the  meafured  Diftanoe  39.7  from  your  Station 
$t  C  to  the  Tower;  at  C  make  the  given  Angle  37^*30^9 
by  Prob.  8,  and  draw  C B  s  at  D  eroft  the  Perpradicnlar  DB^ 
'tin  it  meets  the  Hypothenoie  in  B«  and  continue  it  downward 
to  A  ;  make  D  A  5.6  Feet  the  Height  of  the  Center  of  the 
Quadrant ;  draw  C  c  parallel  and  equal  to  D  A,  and  draw 
r  A  equal  to  C  D,  'till  it  meets  B  D  continued  fat  A ;  thus 
will  A  B  be  the  Height  of  the  Tower. 

» Now,  in  the  ri^t-angled  Triangle  C  B  D,  theie  is  given^ 
befides  the  right  Angjbs^  the  Bafe  C  D  39.7  Feet»  the  Angle 
at  C  37^*30^9  and  the  Angle  at  B,  the  Complement  of 
37**. 30'  to  90®>  viz.  52^.30',  to  find  the  Side  BD,  op- 
pofite  the  Angle  at  A  s  which  may  he  found  hy  the  fpUowi^jE 
jProportioo ; 


Hh% 


As 
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As  the  Sine  of  the  Angle  at  B,  52* .  30%      Co.  Ar.  0.100533 
Is  to  Ac  Side  C  D,  39.7,  •   ■  1.598790 

So  ii  the  SiDe  of  the*  Angle  at  A,  37** .  30',    — -*  9.784447 

To  the  Side  BD,  30.46,  *»■  1-483770 

To  which  adding  the  Height  of  the  Ceiftef  df  the  Quadniit, 
5,6,  it  gives  36.06  Feet  for  the  Height  of  the  Tower  A  B 
from  the  Grotuid : 

30.46  B  D,  <>7  CakulatioA; 
5.6    Ccy  the  meafuted  Height  of  the  Quadr«t^ 

equal  to  D  A. 


36.06  ^eight  of  the  Tower* 

Pj^»  33*  Having  the  Height  df  any  given  Oijeffj  A  B  594* 
Aetj  to  meafure  bow  far  it  is  to  a  Tree  at  C,  growing  ou  rfr 
fime  \LeveI  with  the  Safe  of  the  given  ObjeSt. 

Keep  the  Center  of  the  Quadrant  -p. 

even  w,ith  the  l^op  of  the  Objcd,  ,  ^ 

afad  iheafure  the  Angle  651^.  45% 
ahd  l3ie  Angk  C,  being  the  Com- 
plement   of   it    to    90^,    will    be 
38®.  15' ;   fo  that  we  have  given      ,>^. 
the  Angle  C,  oppofite  the  knowQ  r^^ 
Side  A  B,  and  the  Angle  B,  to  find  ^   . 
the  Side  C  A. 

Confiru^ion,  Draw  the  Bafe-iLine  C  A  at  Pleafiire,  oa 
which,  at  any  Poiat^  as  A^  tnSt  A  B  perpendicular  to  C  A  j 
lay  19.4  from  A  to  B,  by  the  general  Rule^  Prob.  19  ;  at  B 
knake  aa  Angle  of  5 1 45,  by  Prob.  8,  and  draw  B  C,  whidi 
completes  the  ilght-an^d  Triangle  CAB.    Then, 

As  the  Sine  of  the  Angle  at  C,  38^  •  15%     Co.  Ar.  0.208244 

'  Is  to  its  oppofite  Side  A  B,  59«4»        ■  '•773786 

So  is  the  Sine  of  the  Angle  at  B,  51  ^  •45^^     — —    9.095045 

t 

To  the  Side  C  Aj  or  Diftance  of  the  Objed,  75.359  1*877075 

Prob.  34.  Tp  mea&re  ihe  Height  of  an  inacceff^U  GbjeB^  A  B ; 
that  isf  where  the  Dijiance  betWitn  the  Station  and  ibe  Befi  if 
^€  Ohje^  cannot  be  mtafurfJ. 

At 
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At  any  convenient  Diftance,  as 
at  C,  on  the  fame  Plata  with  the 
Objofl,    meafure  the  Angle  at  C 
to  the  Top  of  the  Objca,  which  • 
let  be   31^.25';    then  meafure 
the  Height  of  the  Center  of  the 
Quadrant  from  the  Ground,  which    (^ 
fuppofe  4.9  Feet ;  and  then  mea-      ^ 
fure.  In  a  right  Line  from  C  to* 

wards  the  Objed,  any  convenient  Diftance,  as  C  D,  which 
fuppofe  36.5  Feet ;  here,  holding  the  Qyadrant  the  fame 
Height  as  before,  meafure  the  Angle  D  to  the  Top  of  the 

Objeasa^Io^ 

Cvnftru&kn,  Draw  the  Bafe-Line  CE  at  Pleafure,  on 
which  \kj  36.5  from  C  to  D ;  at  C,  by  Prob*  8.  make  an 
Angle  of  31^ « 25^9  and  draw  CB  at  Pleafiire;  at  D  mak^ 
an  Angle  of  C2^  •  10^,  and  draw  D  B,  meeting  C  B  in  B  ; 
from  B  let  fall  the  Perpendicular  B  £  ;  make  C  c  perpendicular 
to  C  E,  on  which  lay  4.9  }  then  draw  c  A  parallel  to  C  £, 
and  continue  B  E  'till  it  meets  c  A,  and  the  Figure  is 
conilruded. 

Now,  in  the  oblique-angled  Triangle  C  B  D,  are  known 
the  Side  CD  36,5  Feet,  and  the  Angle  at  C  Si"*-  25%  alfo 
the  obtu(b Angle  CDB  127 ''•50"',  Ming  the  Supplement  of 
the  Angle  B  D  E,  or  52^ .  10',  to  180** ;  therefore  the 
Angle  C  B  D  is  found  by  deducting  the  Sum  of  the  other  two 
from  iSo"* :        • 


127^ 
31 


so'  Angle  CDB. 
25    Angle  BCD< 


180* 
159 


00' 


^59    .  15 


tm* 


20   .  45   Angle  CBD, 


Having  the  Angle  at  B  20^ .  45''  oppoCte  the  known  Side 
C  D  36.5,  and  the  Angle  at  C  3i^«  25''  oppofite  the  Side 
D  B  ^  hence, 

As  the  Sine  of  the  Angle  at  B,  20^  •  45^,      Co.  Ar.  0.45 064O 
Is  to  in  oppofite  Side  CD,  36.5,  ■■■'         1.562293 

So  is  the  Sine  of  the  Angle  at  C,  31  ^  •  25%     *^      9*7 17053 

To  its  oppofite  Side  BD,  537,         ■»  ■        ■         1.729986 

* 

Now 


V 
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Now  we  have,  in  the  right-aog^d  Triang^  DBE,  gives 
the  Hypothenufe  D  B  ^3.7  of^x^fite  the  right  Angle  at  £,  and 
the  Angle  at  D  52^.  10'  oppoiite  tha  requited  Side  B£^ 
theitfore. 

As  the  Radius,        ■  ■  10. 


Is  to  the  Hypothenufe  B  D,  53-7>         — -^         1.729986 
jSo  is  the  Sins  of  the  Angle  at  D^  5^^  •  X0\     *-     9-897$  16 

To  its  oppofite  Side  B£,  42.411  •-'^-^  1.627501 

Thus  having  found  the  Side  B  £,  the  Height  of  the  ObjcA 
above  the  Center  of  the  Quadrant  at  the  Time  of  Obfervatiooi  * 
if  to  that  is  added  4.9  Feet,  the  Height  of  the  Quadrant,  it 
gives  B  A  47.31  ^  ^  Height  of  tfa«  01^  above  tht 
Plain  c  A. 

* 

Prob.  3S«  T9  mafurt  tbt  OljeH  A  B  ah^vi  the  Oifi^  BC« 

At  any  convenient  Diftance,  as 
at  D,  with  a  Quadrant  take  the 
Angle  ADC,  which  fuppofe 
50^ .  56'  ;  take  the  Angle  B  D  C 
38^  .  30"^  ;  and  then  meafure  the 
Diftance  from  your  Station  at  D 
to  the  Bafe  of  the  Objeft  at  C, 
which  fuppofe  48.6  Feet. 

ConftruHion.  Draw  the  Ba(e«  ^i 
trine  D  C  at  Plcafiire ;  at  D,  by  -^ 
Prob.  S,  make  an  Angle  A  D  C  of  50^ .  56"^,  and  draw  A  D  \ 
at  the  fame  Point  D,  make  an  Angle  B  D  C  of  38^ .  30%  ^ 
draw  D  B ;  fet  ofF,  by  the  diagonal  Scale,  on  the  Baie>Line 
48.6  from  D  to  Q ;  at  C  ered  a  Perpendicular,  which,  bein| 
(drawn  to  meet  D  A  and  D  B,  completes  the  Figure;  for  A  ^ 
is  the  Height  of  the  Objca  above  B  C. 

Now,  in  the  Triangle  D  A  C,  rfgfat-angled  at  C,  tbeie 
are  given  the  Angje  C  D  A  50** .  56',  the  Angle  at  A,  being 
the  Complement  of  that  to  00^,  39^.4^9  and  the  Side  Dv 
48.6,  to  find  the  Perpendicuhpr  A  C. 

As 


i 
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As  the  Sine  of  the  Angle  at  A,  39^ .  £^\      Co.  Ar^  O.200505 

U  to  the  Side  D>C,  48.6,  r—  1.686636 

So  is  the  Sine  of  the  Angle  at  D,  50^  •  56%     *—      9*890093 


■*M 


To  the  Fbrpendiciilar  A  C,  59*879  — *      '    ^-m^V^ 

And,  in  the  Triangle  D  B  C,  there  are  given  the  Angl# 
CDS  38^.30',  the  Angle  DBC  51^.30%  found  by  fub- 
trading  38^  •  30^  from  90^,  and  the  Bafe  D  C  48.61  to  find 
the  Pcrpoodicuiar  C  B : 

As  the  Sine  of  the  Angle  at  B,  51^.  30^9      Co.  Ar.  6.10645A 

Is  to  the  Side  D  C,  48.6,  1.686636 

So  is  the  Sine  of  the  An^e  at  D,  38^ .  30^     -«•      9.794149 

To  the  Perpendicular  B  C,  38.659        —      .     1.587241 

Now  from  59.83  the  Height  of  AC, 

TXe  38.65  the  Height  of  B  C.  ' 

(required. 


21.18  Height  of  A'B  above  BC,  as  was 

This  Objed;  being  accef&ble^  that  is,  which  could  be  come 
att  fi>  as  to  meafuie  the  Diftance  of  the  Station  from  the  Foot 
of  the  Objed,  one  Station  is  fufficient :  But,  if  any  Obj^acle 
lies  in  the  Way,  fo  as  to  make  it  inaccefllble,  it  is  neceflary 
to  have  two  Stations,  as  in  Prob.  34 ;  and  the  Center  of  the 
Inftnunent  ihould  be  kept  at  the  lame  Height,  while  each  of 
the  Angles  is  meafured  at  each  Station. 

Prob.  36.  To  nuafure  the  Diftance  hitwan  two  OhjeSfs^ 
A  and  B,  when  you  can  mcafun  from  the  Station  to  one  of 
jbe  Object,  • 

Take  a  Station   at   a  convenient 
Diftance  from  the  Obje6l,  as  C,  and 
obferve  the  Angle  C  70® .  56'  :    If 
either  of  the  Obje£b  is  acceffible,  mea- 
lure  the  Diftance  from  your  Station  to 
the  acceffible  Objed,   as  fuppofe  CB   ^ 
49,7  Feet ;  if  you  cannot  mcafurc  to     '^ 
the  other  Obje6l  A  in  a  right  Line,    ^ 
go  to  it,  and  take  the  Angle  at  A, 

which  here  will  be  50^  .10',  and  then  the  Angle  at  B,  which 
is  the  Supplement  of  the  gther  two  to  iSc"^,  will  be  58^ .  54'. 

ConJtru5iion. 


240 


MAT  H  E  MAT  IC  S. 


Conftrulfion.  Draw  the  right  Line  C  B,  on  which  hj  firom 
the  diagonal  Scale  49.7  from  C  to  B  ;  at  C,  by  Prob.  8, 
make  an  Angle  of  70^ .  56%  and  draw  C  A  ;  at  B  mai:e 
an  Angle  of  58*^.54',  and  draw  B  A,  meeting  C  A  in  A, 
which  conftruds  the  Triangfe  CAB,  and  A  B  is  the  Diftance 
required. 

In  the  Triangle  A  C  6,  there  are  given  the  three  Angles, 
and  the  Side  C  B  49.7,  to  find  the  Side  A  B,  or  the  Difbnce 
of  Ihc  two  Objefts  i  Whence, 


ID' 


Co.  Ar.  0.1 14689 
1.696356 


As  the  Sine  of  the  Angle  at  A^  50^ 

Is  to  the  Side  C  B,  49.7, 

So  is  the  Sine  of  the  Angjc  at  C>  70° .  56',      —     9.975496 

To  the  Side  A  B,  61.17,  the  Djfiance  of  the)     ,QA,.r 
Objeas  A  and  B,*  :  J  '-786541 

Another  Example,  Suppofi  J  am  at  C,  aM  tan  nuafwre 
from  C  to  each  of  the  Obje^s  A  and  B,  tQ  find  tbi  Diftance 
between  the  Obje^s  tbemfefves. 

With  the  Inftrument  meafure  the 
Angle  A  C  B  59^ .  30" }  and  then 
meafure  the  Diftance  C  B  49*2 
Feei^  and  the  Diftance  C  A  51.7 
Feet. 

ConJlruHion^  Draw  the  right 
Line  C  B,  on  which  lay  from  C  to 
B  49.2  ;  at  C,  by  Prob.  8,  make 
an  Angle  of  59** .  30",  apd  draw 
C  A,  on  which  fct  off  51.7  from 
C  to  A ;  then  draw  A  B,  meeting  C  B  in  B^  and  the  Triaogk 
A  B  C  is  conftruded,  A  B  being  the  Diftance  required.  ^ 

In  the  Triangle  A  C  B,  there  arc  given  the  Side  A  C,  th# 
Sicfe  B  C,  and  the  included  Angle  at  C,  to  find  the  Bafe  A  B; 
which  may  be  done  by  firft  finding  the  othcf  Aii^,  \f] 
f  rob.  28,  as  follows : 


51.7 
49.2 


IOC. 9  Sum  of  thv  Sides. 
2.5  Diff.  of  the  Sides, 


180*^  .  00' 
59    .30  Angle  at  C. 

(A  and  B. 


120    .30  Sam  of  the  Angles 
lis  ■  (and  B, 


60    •  15  Half  the  Angles  A 

Now, 
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Wow, 

As 'the  Sum  of  the  given  Sides,  100.9,       ^^*  ^^«  7.996109 

is  to  their  Difference^  2.5,  '  c.397940 

So  b  the  Tangent  of  the  HalC-Sum  of  the  un-  }  o 

known  Angles,  6o^  is%  }    10.2+2948 

To  the  Tangent  of  Half  their  Difierence,  2''  •  29%  8.636997 

To    6o'» .  1%'  iht  Half-Sum  of  A  and  B« 
Add     2   •  i9    the  Half-Difference.  . 

62    •  44    greater  Angle  B. 


57    ;  46    leffer  Angle  A^ 
Thenj 

•  •  -  _ 

As  the  Sine  of  the  Angle  at  A,  57  ^  •  46'',  Co;  Ar.  0.07  2690 
is  to  the  oppofite  Si<£  BC,  49.1,.  — ^i^^'  1.691965 
So  is  the  Sine  of  the  Angle  at  C,  59^* 30%  9935220 

To  the  Side  A  B,   co.ii*  tlie  Dlftance  of  the  7  .  /■     0  . 
Objeas  A  and  B.  J  »-699875 

Prob.  36.  7i  nieafun  tie  Dijidnce  between  an  ObjeSf  at 
A  from  any  Plac^y  as  C,  where^  by  Reafon  of  fame  Ohjlaele^ 
it  cannot  h$  come  ati 

Ifi  any  Place  on  the  fame  Plain 
wkh  C  place  a  vifible  Mark,  as  B, 
and  meafure  the  Angle*  A  C  B 
88^  .  20''  s  meafure  the  Dlftance 
B  C,  which  fuppofe  76.35  ;  then 
with  the  Inftfuoient  take  tlie  Angle 
ABC  36*.  10. 

Conftru&iom  Draw  the  Bafe-Line  B  Q  on  which  lay 
76.35  -from  C  to  Bi  at  C,  by  Prob  8,  make  an  Angle  of 
88^ .  20%  and  draw  C  A ;  at  B^  by  the  fame  Problem, 
make  an  Angle  of  36^*10%  and  draw  B  A,  meeting  C  A 
in  A,  which  conftmcts  the  Triangle  B  C  A,  and  A  C  is 
the  Dlftance  fought. 

I  i  Now, 
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Now,  in  the  Triangle  B  C  A,  there  is  given 

36®  .  10'  the  Angle  at  B.         iSo®  .  00' 
88    .  20   the  Angle  ac  C.         1 24    •  30 


124   •  30  55   .  30  the  Angle  at  A* 

Whence,  all  the  three  Angles  anil  the  Diftance  BC  beii% 
known,  the  Side  A  C,  or  the  Diftance  mi  fbe  Objeft  A  bm 
C,  may  be  found  thus : 

■ 

As  the  Sine  of  the  Angle  at  A,  55^ .  30',     Co.  Ar.  0.084006 
Is  to  the  Side  B  C,  76.35,  ■  I-SS7S07 

So  is  the  Sine  of  the  Angle  at  B^  36^ .  io%      —     9*77095^ 

STo  the  Side  A  C,  25.85,  ■  i.4'^'5 


CySuRVSYING. 

SURVEYING,   or  Mttfuring  of  Und,  coafib i» 
taking  the  Dimenfions  of  a  Piece  of  Ground,  as  a  Fidflf 
laying  it  down  in  a'  Draught  or  Map,  and  fiadiflg  u^ 
Content  in  Acres,  Roods,  He. 

The  firft  Part  of  thefe,  that  is,  taking  the  Dim»fi<J»» 
confifts  of  two  Parts ;  firft, .  taking  the  Angles,  and  then 
mcafuring  the  Diftances :  To  perform  which  fevcral  Inb"' 
ments  are  ncceffary,  as  a  Piain-TaHe^  Theodolite^  SemidrcU^ 
Compafsj  and  a  Cbaiuj  alfo  a  Protra^or  for  plotting. 

The*  Plain- Table  is  a  Board,  about  fifteen  Inches  biW 
and  twelve  long,  pncompafTed  with  a  Frame,  jointed  at^ 
Corners:'  From  a  Brafs  Center  in  the  Middte  areprojeflw 
three  hundred  and  fixty  Degrees  of  a  Circle,  each  Dqp* 
bcipg  halved,  and  numbered  at  every  tenth  Degree,  w>^. 
Ways,  to  fave  Subtradion  :  On  the  contrary  Side,  a  ^^' 
circle  is  ufually  projeded,  divided  and  numbered  in  the  \^ 
Manner,  to  one  hundred  and  eighty  Degrees,  both  Ways.  ^ 
J^e  Tabic  is  ufually  fitted  a  Compafe,  to  fet  it  North  or  Sout^ 
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and  4  Ruler  or  Index  with  Sights,  l^he  Table  is  fixed,  by 
a  Ball  and  Socket,  to  a  three-legged  StafF  for  a  Stand,  on 
which  it  may  be  turned  round,  or  fattened  by  a  Screw. 

Of  Chains  there  are  two  Sorts,  each  divided  into  one  hundred 
Links,  for  the  Conveniency  of  fetting  down  the  Links  as 
Decimals  of  the  Chain :  Tiiat  called  Gunter's  Chain  is  four 
Poles,  or  fixty-fi^Q  Feet,  in  Length  ;  the  other  is  but  one 
Pole,  that  is,  fixteen  Feet  and  an  Half,  but  confifls  of  one 
hundred  Links  as  the  other. 

A  Protradlor  is  an  Inftrument  of  Brafs^  Silver,  or  the  like, 
with  a  femicircular  Limb,  divided  into  one  hundred  and  eighty 
Degrees,  fubtended  by  a  Diameter,  in  which  is  a  little  Notch 
called  the  Center :  Its  Ufe  is  to  lay  down  the  Angles  in 
plotting  a  Field. 

7i  take  tbe  Dimenjions  of  a  Field  at  one  Station. 

Place  the  Inftrument  in  any  Station,  as  at  ®,  from  whence 
all  the  Angles  may  be  feen ;  turn  the  Table  about  'till  the 
Needle  ftands  over  the  North  and  South  Points  of  the  'Com- 
pafs,  then  fcrew  the  Inftrument  faft,  and  dire(^  the  Sights 
to  the  firft  Angle,  A,  to  the  right  Hand  of  the  North  and 
South  Line ;  obferve  the  Degrees  and  Minutes  contained  be- 
tween 360  of  the  Table  and  the  Index,  which  is  56^  •  20''  : 
Dired  the  Sights,  in  the  fame  Manner,  to  6,  ^d  obferve  the 
Degrees  and  Minutes  that  the  Index  now  cuts  on  the  Table, 
which  is  95^.40'  :  In  the  fame  Manner,  turn  the  Index  to 
C|  and  fo  on  to  D,  £,  and  F,  and  the  feveral  Angles  will  be 
»  under ; 


SO- 

.  20' 

95 

.  40 

170 

•  10 

251 

.  20 

290 

•  40 

341 

•  IQ 

Now  take  the  Chain  and  meafure  the  Diftance  0  A  feven 
Chains  and  thirty  Links,  or  7.30 ;  the  Diftance  0  B  8.45 ; 
and  the  reft  as  in  the  following  Table,  ufually  called  a 
Field'Book : 

I  i  a  SO^'.A^' 


«44 
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50^ .  20' 

7.30 1 

95  •  40 

8.45 

170  .  ^0 

6.54 

251  .20 

7.15 

290  .  40 

7-47 

341  .  10 

5.60 

♦       7#  pretraSl  er  lay  down  the  Wfrk. 

Draw  afiy  right  Line,  as 
N  S,  ibr  the  North  and  South 
Line,  any  Point  of  which, 
as  0,  afTume  for  the  Station ; 
lay  the  Center  of  the  Pro- 
trador  ot,  this  Point,  turn  it 
*till  the  Diameter  of  the  Pro- 
tradqr  falls  upon  the  North 
and  Sout{)  Line,  and  prick 
off  the  Angle  50*^  •  ao",  the 
Angle  95^  .  40',  and  fo  of 
the  reft ;  then  draw  the  Lines 
©A,  ©B,  ©C,  0D,  ®E, 
and  ©  F :  Now  from  the 
Diigonal  take ^.30  for  the  fcven  Chains  aqd  thifty  Links,  anJ 
fet  them  from  0  to  A  5  dp  the  fame  for  the  eight  Chains  and 
forty-five  Links,  ^nd  fet  it  from  ©  to  B  ;  and  fo  of  the  reft: 
Laftly,  draw  the  Lines  A  B,  B  C,  C  D,  D  E,  and  E  F| 
which  is  the  Plot  or  Plan  of  the  Field. 


7i  find  the  ti umber  nf  Acres'  it  cantains. 

Draw  the  right  Lines  F  B,  F  C,  and  F  D^  which  divide 
the  Figure 'into  four  Triangles  :  Take  F  B  in  the  Compaflcs, 
and  apply  it  to  the  diagonal  Scale^  which  meafures  11.96  fe 
the  Bafe  of  the  Triangle.  F  A  B  j.  then  fet  one  Foot  of  th 
Compafles  in  A>  and  extend  the  otW  fo  as  juft  to  reach  th 
Line  F  B  without  paffing  it,  which,  being  mdafurcd  on  the 
diagonal  Scale,  is  3.48  for  the  Perpendicular  of  the  fainfi 
Triangle.  The  other  Bafes  and  Perpendiculars,  being  meafuiwi 
will  be  as  follows,  for  the  feveral  l^ianglcs : 
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Bale.  Perpend. 

FAB  .11.72  3.23 

FBC    |r2.2S  8.68 

FCD    12.25  7-04 

FDE      9.46  3.11 

Multiply  each  Bafe  by  its  Perpendicular,  and  cut  off  five 
Figures  for  Decinuls  in  the  Produds  :  Add  thore  ProduiSs 
together,  and  divide  their  Sum  by  2,  and  the  Integers  in  the 
Quotient  are  Acres;  multiply  the  Fradion  by  4,  and  the 
Integers  in  the  Produft  are  Roods;  and  multiply  this  laft 
Fraction  by  40,  and  the  Integers  in  the  FroduA  are  fquare 
Poles  or  Perches ; 

11.72  12.25  12.25  9.46 

3.23  8,68  7.Q4  3-12 


^9 


3516        9800       49CO  -   1892 
2344       7350      85750       946 
3516       9800      >  2838 

8.62400 


3.78556     10.63300  2.95152 

3.78556  .99704 

10,633  4 


8.624 

2.95152  3»38i6 

40 


2)  25.99408 


Ml 


39.52640 


12.99704 

By  whi6h  the  Area  appears  to  be  twelve  Acres,  three  Roods, 
and  thirty-nine  fquare  Poles  or  Perches. 

The  Reafon  of  cutting  ofF  five  Figures  in  the  Produfis  is, 
becaufe,  the  Chain  being  four  Poles  in  Length,  every  fquare 
Chain  contains  fixteen  fquare  Poles,  which  is  4he  tenth  Part 
of  an  Acre;  and,  as  each  of  the  Numbers  has  two  Decimals, 
there  muft  be  four  cut  oiF,  according  to  the  Rule  in  Multi* 

flication  of  Decimals,  Art.  42  ;  and  then  the  Integers  in  the 
iodafl  are  Tenths  of  an  Acre,  therefore  cutting  off  one  Place 
more  reduces  them  to  Acres. 

But  then,  as  we  multiplied  the  Bafes  and  Perpendiculars 
together,  the  ProduSs  are  double  the  Area  of  the  Triangles, 
(or  which  Reafon  we  divide  their  Sum  by  2» 

73 


L^ 
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To  furviy  the  Field  G  H  I  K  L  M  4/  (fcf0  Sitnkns. 

Having  fct  the  In- 
ftrument,  ac  the  firft  Cr 

Station  0  i.  North 
and  South  by  the 
Needle,  dircdt  your 
Sights  to  I,  the  firft  IVt 
Angle  to  the  right 
Hand  of  the  Inftru- 
ment,  and  obferve  the 
Degrees  and  Minutes 
cut  by  the  Index, 
wliicb  is  20°  .  49^  : 
In  the  fame  Manner, 
view  all  the  feveral  Angles,  which  will  be  as  follows ; 

N©I 
N®K 
N®  L 
N  ®  M 
N®  G 
N®  H 

Then  choofe  another  Station  In  the  Field,  from  whence  all 
the  Angles  may  h^  feen,  as  at  ®  2,  at  which  fet  up  a  Staf 
for  a  Mark ;  dire(^  the  Sights  of  the  Inftrument  to  that  Mark, 
and  obferve  the  Ang^  cut  by  the  Ruler,  which  is  97° -55'  5 
then  meafure  the  Diftance  of  the  two  Stations,  which  is  two 
Chains  and  thirty-two  Links,  or  2.32. 

Carry  the  Inftrument  to  the  fecond  Station,  and  leave,  a 
Staff,  or  fome  other  vifible  Mark,  at  the  firft  Station  5  fet  the 
Center  of  the.Inftrument  over  the  Place  where  the  StaflF  ftood 
at  ®  2,  and  put  the  Sights  to  the  Angle  they  were  at  from 
®  I  to  ®  2,  that  is,  to  97°.  55'  j  then  unfcrew  the  Tabic, 
keep  the  Index  and  Sights  fixed,  turn  the  Inftrument  and  Index 
'till  thro'  the  back  Sight  you  fee  the  Mark  at  ®  i,  and  then 
fcrew  the  Inftrument,  which  will  then  ftand  in  the  fame 
Pofition  as  at  ®  I. 

Direft  the  Sights  to  the  Angle  I,  the  Angle  obferved  firft 
at  the  firft  Station,  and  obferve  the  Degrees  and  Minutes  cut 
by  the  Index;  then  direA  the  Sights  to  K  and  L,  and  fo  on 
jo^the  other  Angles,  and  the  Degrees  and  Minutes  cut  from 
^  tation  will  be  as  follows : 

1345' 


20" 
76 

•  49 

130 
180 

•  4^ 

.  00 

23+ 

.  10 

335 

•  3Q 
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I  345*"  •  20' 
K  52  .  25 
L  162  .  45 
M  209  •  22 
G  258  .  45 
H  314  .  24 

To  protraB  er  lay  down  tbi  IFori. 

Draw  a  Line  at  Pleafure  for  the  North  and  South  Line, 
on  which  aflume  any  Point,  as  *0  i,  for  the  firft  Sution  ;  lay 
the  Center  of  the  Protraflor  on  this  Point,  and  the  Diameter 
on  the  Line  N  S ;  prick  off  the  Angles,  and  draw  the  Lines 
0  1 1,  0  I  K,  &^  to  a  convenient  Length  f  Then  finding; 
by  the  Field- Book,  that  the  Angle  fo  0  2  is  $7^.55%  lay 
down  that  Angle,  and  draw  the  Line  0  i,  0  2;  tike 
from  the  diagonal  Scale  2.32,  the  Diftance  from  0  i  to  0  2, 
and  lay  from  0  i  to  0  2,  which  is  the  fecond  Station  :  Lay 
the  Pk^otra^r  to  the  Point  0  2,  and  turn  it  about  'till  it.c 
right  Line  drawn  from  0  i  to  0  2  cut^  the  Angle  97°  •  55'  ; 
then  lay  down  the  fevecal  Angles  at  0  2y  beginning  with  that 
which  was  firfl  taken,  and  proceeding  'till  you  nave  taken 
down  all  the  Angles  \  draw  the  Lines  0  2  K,  ^c.  'till  they 
interfeft  the  former  Lines  in  the  Points  K,  L,  M,  G,  K, 
and  I)  which  Interfedlions  will  reprefent  the  feveral  Angles  ojf 
the  Field :  Then  join  the  feveral  Angles,  by  the  Lines  6  H, 
H  I,  I  K,  K  L,  L  Nf^  and  M  G,  and  you  have  the  Plot  of 
the  Field ;  which  may  be  divided,  by  Diagonals  drawn  from 
any  Ang)e,  as  G,  into  four  Triangles,  whofe  Bafes  and  Per- 
pendiculars, being  meafured  on  the  diagonal  Scale,  as  in  the 
laft  Example,  will  be  as  under : 

• 

Bafc.  Perpend. 

MGL  6.48  3.32 

L  G  K  8.01  3.45 

KGI  8.01  3.68 

GIH  7. II  1.84 

Multiply  the  Bafe  and  Perpendicular  of  each  Triangle,  and 
cut  cff  five  Figures  i  then  add  the  feveral  Produdls,  and  divide 
tk^r  Sum  by  2,  as  in  the  ocher  Example. 

0.48 


a^Z 
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6.48 

3-3^ 

1296 
1944 
1944 

2.iS»36 


3-45 

4005 
3204 
2403 


tti 


4.76345 


a.iji36 

2.7634s 
2.94768 
X.30824 

2)9.17073 


8.01 

3-68 

6408 
4806 

2403 

2.94768 

.585365 
4 

2.34I46I0 
40 


7.11 
1.84 

2844 
5688 

711 

1 1        i 
I.3O8H 


I* 


mm 


13.65840 


4*585365 

The  Area  is  four  Acrct^  two  Roocb,  ud  Airteeii  tiJkn 

Tofurvey  a  Field  ty  going  round  h  atfevitat  Siaiionsd 

Choofc  any  ^  n       -il^ 

Place  for  the         J?  J  ,^<  ^  N 

firft  Station,  as 
at  (2>  If  place 
thelnftnunent 
there,  by  the 
Needle^North 
and  South,  and 
forew  it  ^ft; 
then  choofe  a  3 
lecondStation, 
as  at  0  2,  and  ^ 
there  fet  up  a    * 
vifible  Mark ; 
turn  the  In- 
dex  of  your 
Inftrument  a« 
bout,  till  thro* 
the  Sights  you 

iee  the  Mark  at  0  2,  and  it  will  cut  10^  •  30"^  N.  £•  for  dis 
Pofition  of  the  Line  you  are  a&out  to  meafure,  which  enter 
JA  tHe  middle  Coluom  of  your  Field^Book,  as  you  fee  betow. 
2  Nat 


«*■* 


T 


249 

Id".  3o'l6fi»et8.| 

N.E. 

-46 


3'5« 

4-78 

279"  •  4J' 

®  2 
2.31 

5-3* 

191" .  5b' 

t.78 

S.»i 

®  4 
1.06 

^-44 


•35 

.46 


S.  W. 
•S3 

•54 


Next  by  tlw  Chain  from  0  1 
in  a  right  Line  towanb  ®  2^  tlic 
lecond  Station ;  which  being  donc^ 
let  tt  lie  'till  you  have  entered 
the  Obfervations  in  that  Chain's 
Length,  that  is,  meiifuiv  the 
Diflance  from  0  i  to  a^  the 
HeJge  or  Ditch,  fifty-two  Links } 
which  yoii  muft  enter  in  the  out- 
iide  Column  of  your  Field-Book^ 
OB  the  right  Hand,  the  Hedge 
being  on  the  right  Hand  of  the 
Courfe;  having  entered  0  I,  for 
the  firft  Station,  in  the  middle 
Column,  agamft  it  put  .52,  the 
Offset,  fignifying,  that,  at  the 
Inftrument,  the  Hedge  at  the 
Tight  Hand  is  fiftv-two  Linb 
from  the  Chain :  Then  ineafuring 
on  towards  0  2,  at  the  Diftance 
3.51  you  come  dIredUy  oppofite 
to  the  Angle  F,  and  the  Diflance 
or  Ofiset  from  the  Q^in  to  F  is 

.61 ;  therefore  enter  3.51  in  the    

middle  Column  of  your  Field* 

Book,  and  .61  iii  the  right-hand  Column :   Then 

on  to  0  2,  you  will  find  it  to  be  4.78,  and  the  Ofl^  .46  ; 

both  which  enter  in  ypur  FieU-fiook,  as  before :   So  is  your 

Work  relating  to  the  firft  Sution  finiihed. 

Then  bring  your  Inftrument  to  0  2,  phce  the  Center 
direfUy  over  where  the  Staff  ftood,  and  fend  a  Staff  forward  to 
^  3  (  unfcrew  the  Inftrument,  lay  the  Index  on  10*  .  30% 
the  Angle  cut  from  0  I  to  0  2,  and  turn  the  Inftrument, 
with  the  Index  in  that  Fbfitioo,  'till  thro'  the  back  Sight 
you  fee  the  Staff  left  at  0  i ;  fcrew  the  Inftrument  frft,  then 
turn  the  Index  about  'till  thro'  the  Sights  you  fee  the  Staff  at 
0  3,  and  it  will  cut  179^  •45%  which  enter  in  your  Field« 
BoM :  Then  obferve,  that  at  0  2  the  Offset  to  r  b  ^35 1  and 
in  meafuring  towards  0  3,  at  a«3i  Diftance  from  0  ft,  the 
Ofltec  Is  .63  s  and  the  whole  Diftance  firom  0  2  to  0  3  is 
<.32)  wh«t  the  Offiiet  is  .46 1  all  whkb  enter  in  your  FieM- 
Book,  as  before. 

in  die  fiuna  Manner  canry  \he  Inftnanent  to  0  3^  and 
proceed  in  all  Rcfpeds  as  at  0  2,  and  the  Angle  to  0  4  will 
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be  foand  igi®.  50':  Then  meafure  the  Diftance  from  ®  3 
to  O  4,  and  alfo  from  ©  4  to  0  i^  together  with  the  feveral 
Offsets  ;  place  them;in  the  Field-Book^  which  wiUth^  fiand 
as  in  the  foregoing  Page.  •  ' 

Ti  pTVtraSf  the  Wwk.    i 

Draw  any  Line  at  Pleafure  for'  the  North  and  South  LiflCi 
on  which  affume  the  firift  Station  0  i,  and  withi  the  Pro- 
traSor  lay  down  the  Angle  10^.30';  draw  the  Line  ©  i, 
0  9,  and  fet  the  Offset  .52  from  0  i  to  ^  ;  take  3.51  and 
fet  from  ©  i  to  /,  where  fet  off  the  Offset  .61  from  /to  F; 
take  4.78  and  fet  from  ©i  tq  ®  2  »  take  .46,  the  Offset 
at  ®  2,  and  fet  from  ©  2  to  ^ ;  the^  Offsets  are  to  be/et 
off  perpendicular  to  'the  ftatipn?iry  t'lne  -  Then,  lay  the  Pro- 
tra<aor  on  ®  %y  with  the  hytab  on  the  contrary  Side  of  the 
Line  5  and,  as  the  Degrees  cut  were-27 9^.45 'i  take  279*^.4$' 
from  360'=',  the  RqnaJnder  is  8b**.  15%  thro'  which  Angle 
draw  the  Line  ©  2 j  ©  3 »  then  from  the  Scale  lay  2.31  from 
0  2  to  )f,  where  fet  off  .35  the  Offset  from  if  to  D;  thco 
lay  5.32  from  ®  2  to  O  3,  and  fet  off  .46  from  ©  3  to  rf. 

Thro*  ©  3  draw,  a  Meridian- Line,  as  /f  j,  parallel  to  the 
former  Merictiaii-Liiie  N  S,  by  Prob.  6 ;  lay  the  Center  of 
the  Protradlor  on  ®  3,  and,  as  the  Degrees  cut  on  the  In- 
ftrument  were  191®.  50'^  mark  off  n^.50',  the  Excels 
above  180^,  for  the  Ande  that  the  Line  ©  3,  ®  4  is  to 
make  with  the  pricked  Meridian-Line,  and  draw  the  Line 
©  3,  ©4^  on  whiph  lay  2.78  from  ©3  to  /,  where  fet  off 
the  Offset  .95  5  and  lay  5.21  from  ©  3  to  ©  4,  where  fet  off  « 
the  Offset  .54.  From  ©  4  draw  a  Line  to  ®  i,  on  which 
fet  2.06  to;w,  and  the  Offsets  as  in  the  Table.  Laftly,  hy- 
ing down  5.44,  it  will  reach  from  ©  4  to  ®  i,  where  fet  off 
•42  from  i  ro  i&  ;  and  draw  Lines  from  the  Offset  a  to  F^ 
from  F  to  b^  bfc.  which  will  be  the  true  Reprefentation  oJF 
^he  Field. 

T(f  find  tffi  Ni^mb^r  of  Acrn. 

At  0  I  I  obfervc,  ®  i  n  is  .52,  and  (S>\h  ,42,  which 
are  Sides  of  the  Parallelogram  ®  i,  tf,  G,  K  for  in  this  Cafe 
the  Error  is  infeafible :  Multiply  the  titoo  Numbers  together, 
and  cut  off  five  Places  for  Decinmls  in  the  Prodn^  tbefe  will 
be  the  Decimals  of  an  Acre  ;  if  there  are  not  five  Places  of 
Figures  in  the  Frodud,  prefix  a  Cypher  to  make  five  Places : 
Thqi»  for  the  Parall^ogram  ©  i>  i?,  >,  F,  zAA  .j:2,  the 
'  ■  Width 
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Width  at  one  End,  to  .61  tho^  Oflrset  at  /,  ,the  Width  at 
the  other  End  -,  the  Half  of  that  Sum  is  the*  mean  Width, 
which,  being  multiplied  into  3.5X9  the.  Lenp;th,  gives  the 
Area,  remembering  to  cut  ofF  five  Places  for  Decimals  in  the 
Produa.' 

In  the  fame  Manner  may  the  Areas  of  all  the  Parallelograms 
be  computed,  remembering  to  fupply  the  Places  with  Cyphers 
.Where  ti)ey  are  deficients 


.52                  .( 

5r 

3S» 

.42                    J 

5a 

.56 

104               2)  I.. 

•3 

2106 

208              — ^ 

>7S5 

IT 

'                                •: 

.02184 

.19656 

©  J,  «,  i,  G,  ' 

■     .02184 

©  '>  «.  ».  F, 

.19656 

©  2,  ty  h  F, 

•^9133 

©  2,  *,  c,  E, 

.0161 

©  2,  f,  i,  D, 

.11319 

©  3»  'Z.  *»  ^* 
©  3,  d,  #,  C, 

M'S" 

•  16254 
.02438 

©  3,  /,  /,'  B, 

.20572 

©  4,  /,  A  B, 

.17982 

®  4»  /»  /»  A, 

•03834 

®  4»  ^.  "j  H, 

•"33 

©  1,  i^,  m,  H,  . 

-  .1352 

1.39832 

Draw  a  Diagonal  from  ©  2  to  O  4,  to  divide  the  Part 
•f  the  Field  within  the  ftationary  Lines  into  two  Triangles ; 
then  fet  one  Foot  of  the  Compaflfes  in  ©  i,  and  extend  the 
other  to  the  Diagonal  fo  as  not  to  pafs  it  5  this  being  meafured 
on  the  Scale  will  be  3.37  for  the  Perpendicular  of  the  Triangle 
O  4,  ©  2,  0  I  ;  then  fetting  one  Foot  in  ©  3,  and  ex- 
tending the  other  to  the  Diagonal  in  the  fame  Manner,  it. 
gives  3.66  for  the  Perpendicular  of  the  Triangle  ®  4, 
€>  3»  ©  2  5  and  the  Diagonal  is  7.48  for  the  Bafe  of  c^h 
Triangle. 

K  k  2  •  7-48 
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7.48  7.4« 

3.37  3.66 
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2244.  4488 

9344  aa44 


2.52076  **7376* 

2.52076 


2)  5.25844 
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2.6292s 

Area  Qf  ^  ParaUelognBM  add    1.3983a 
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•IIOI6 
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4.40640 
A^ea  b  four  Acns  amd  foiv  Fple9. 

Survqriog  bting  by  much  thr  boft  basiedl  by  Pndice,  I 
have  been  the  fliorNv  if  thi|  Ailkk :  And»  the  PniAice  of 
Surveying  requiriiig  divfn  I^ftrumeats,  I  would  reoomma^ 
jny  Readers,  wtK>  may  have  Ooci^a  tg^  pufchafe  any,  to 
MeiTrs.  Hgatb  and  H^ingt  Mathematioil  Inftnunent  Makersi 
pear  Exiter-^Changi^  In  the  Strand  %  where  all  Sorts  of 
'-'^^matbematical  and  HHlofophieal  Inftrumenta  are  made,  to  t 
great  Degree  of  J^xaAne^  and  Perfedion. 

> 

7%e  ConfiruSiiwt  of  the  Line  tf  Chords, 
Sines,  Tangents,  and  Secants. 


Of  the  Line  of  Chords. 

EVERY  Circle  being  divided  into  36Q  Degrees,  och 
Quadrant  contains  90  Degrees  :    A  Line  of  Chords 
therefore,  is  the  Chord  of  9c  Degrees,  or  a  Qyadoit 
to  any  Radius,    The  Way  to  projefi  a  Line  of  Choids  tfi 

Dniw 


fbe  QmfiruSion  cf 

Draw  any  rigbt  Line,  as 
G  £  C  i  tak«  any  Extent 
of  the  Compafo,  and  plaoe 
one  Foot  in  £,  ind  draw 
tbeSemicifdcGBCserea 
£  F  perpendicular  to  G  C, 
and  draw  the  right  Line 
C  B :  Begin  to  dnride  the 
Quadrant  CB  into  tbice 
tt^  Parts,  at  the  Points 
30«  6ot  and  B,  and  divide 
each  of  thele  into  three 
more  c«|ual  Parts,  at  the 
Folats  io»  20^  30»  409  Ufi* 
then  ftttinjE  one  Foot'of 
Ae  Compa&s  in  the  Point 
&  extend  Che  other  to  io» 


^f  30s  40)  ^€.  and  transfer  it  to  the  Cbord-Line  C  B ;  fo 
wiU  this  Line  be  divided  in  the  Points  10^  20^  jp^  4O9  f^c,  - 
the  Chords  of  thofe  Degrees.  If  vou  continue  to  divide  the 
Aich  C  B  into  ftill  finalkt  Di^ifioos,*  and  transfer  them  in 
the  finne  Manner^  thefe  Divifions,  where  they  interfcA  the 
right  Line  C  B»  will  be  the  Chords  of  thofe  Degrees  ;  which, 
in  the  Figme,  ase  divided  bat  to  every  fifth  Degree. 

Of  the  lane  of  Sines. 

If  thro*  the  Points  10,  20»  30,  bfc.  of  the  Quadrant  C  B, 
Lines  are  drawn  parallel  to  the  Diameter  G  C,  they  will  cut 
the  Radios  BE,  and  the  Part  cut  off  will  be  the  Srne  of  the 
Number  of  Degrees  .which  fuch  ParaM  paiTes  thro'  in  the 
Periphery  of  the  Circle :  Thus  £  n  is  the  Sine  of  10  Degrees, 

,    becaufe 
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becaufe  the  Parallel  which  cuts  the  Radius  E  B  in  tlie  Point  i 
pafles  thro'  lo  Degrees  in  the  Periphery.  Thus,  by  drawing 
Parallels  thro'  each  Degree  of  the  Quadrant,  the  Radius  B  E 
would  he  divided  into  a  Line  of  Sines  to  all  the  Qo  Degrees 
of  the  Quadrant. 

Of  the  Lines  of  Tangents  and  Secants. 

A  Perpendicular  being  raifed^  by  Prob.  3,  on  the  End  of 
fhe  Diameter  G  C,  as  C  H,  is  a  Tangent-Line ;  to  whicb,\ 
Lines  drawn  from  the  Center  E,  thro'  the  feveral  Degrees 
of  the  Quadrant,  will  divide  it  into  a  Line  of  Tangents  to  the 
Radius  B  £ ;  and  the  Lines  fo  drawn  from  the  Center  are  the 
Secants  of  the  feveral  Degrees  thro*  which  they  pais,  which 
may  be  transferred  to  the  Line  B  F,  by  placing  one  Foot  of 
the  CompafTes  in  £,  and  extending  the  other  to  10,  20,  30, 
40,  &fr.  on  the  Tangent-Line,  and  drawing  the  refpedive 
.Arches  'till  they  interfefl  the  Line  £  F,  .which  Diftances  Aom 
the  Center  will  be  the  Secants  of  their  refpedive  Degrees* 

If  the  Reader  takes  the  Chord  of  60  Degrees  from  his  Scale, 
and  proceeds  as  dlreddd,  he  may  compare  the  Truth  of  his 
Conftrudion  with  the  Lines  on  the  Scale* 


Of  Spheric  Geometry* 

SPHERIC  GEOMETRY  confifts  in  projcfting 
the  Circle  of  the  Sphere  on  a  Plain :  In  which  ProjcAion 
there  are  great  Circles  of  three  diflFerent  Sorts,   c^ 
primitive,  right,  and  oblique  Circles. 

Definitions. 

The  primitive  Circle  is  that  on 
which  the  Projedion  is  made,  as 
the  Center  H  Z  R  N.  , 

A  right  Circle  is  a  Circle  which      A^ 
cuts  the  primitive  Circle  at  right    u 
Angles,    and   divides  it  into  two    ^ 
equal  Parts  ;   therefore,  in  the  Pro- 
jedion,   this  is  a  right  Line,  and 
becomes  the  Diameter  of  the  pri-* 
mitive  Circle  ^  as  H  O  R. 


Of  spheric  Geometty.       '  255 

An  Mique  great  Circle  is  a  Circle  which  cuts  the  primitive 
Circle  in  two  oppoiite  Point;/  but  does  not  pafs  thro'  the 
Center,  as  the  Circle  :Z  I)  N. 

An  oblique  left  Circle  is  a  Circle  parallel  to  a  right  Circle, 
9S  the  Circle  klm^  parallel  to  H  O  R. 

•  AJpberical  Angle  is  the  Meeting  of  two  Circles  in  a  Point  ; 
thus,  by  the  Meeting  of  the  primitive  Circle  H  Z  R  N  with 
the  oblique  Circle  Z  D  N,  is  made  the  Angle  R  Z  D. 

The  Pole  of  any  Circle  is  that  Point  which  is  ninety  Degrees^ 
•from  it  every  Way, 

When  any  Circle  pafles  thro'  the  Pole  of  another  Circle,  it 
iiiterfe£b  it  at  right  Angles,  or  is  perpendicular  to  it. 

Prob.  37.,  7i  Jind  the  Pole  of 
the  primitive  Circle^ 

Draw  any  right  Line  within 
the  primitive  Circle,  ta  h  c  d\ 
blfe^  this  Line,  by  Prob.  i, 
with  the  Line  C  D,  and  /^ 
bifed  this  Line  by  the  right 
Line  A  B  ;  the  Point  O, 
where  A  B  and  C  D  meet,  is 
the  Center  or  Pole  of  the 
primitive  Circle. 


-h 


Prob.  38.  To  find  the  Poles  of  any  right  Circle^  A  B. 

The  Poles  of  every  right  Circle  arc,  in  thjB  Periphery  of  .tte 
primitive  Circle,  ninety  Degrees  from  it ;  therefore,  draw 
C  D  perpendicular  to  A  B,  paffing  thro'  th^  Center  O  i  then 
C  and  D  are  the  Poles  of  the  given  right  Circle  A  B. 

Prob,  39.  To  la  J  any  Number  of  Degrees^  as  51*^.  jp',  an 
the  primitive  Circle, 

Take  51^ .  30^  froni  the  Line  of  Chords,  and  fet  it  on  the 
primitive  Circlet  as  from  Bto  a, 

Prob.  40.  To  meqfure  any  Party  as  C  G^  of  the  prinlitive 
Circle. 

Take  C  G  in  the  Cpmpafles,,  and,  applying  it  to  the  Line 
pf  Chords,  it  will  feach  ^om  the  Brafs  Center  to  46^.36% 
'^bc  Anfwer* 

Prob. 
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Prob,  41.  To  lay  afy  Numiir  tf  Digras^  as  68^^  m  a 
right  Circle* 

Thb  Probfem  admits  of  two  Cares : 

Cafi  X*  If  the  D^fCfs  are  to  be  kid  fiom  the  Center  to- 
wards  the  Periphery  of  the  primitive  Cirde^  take  34^,  thi 
Half  of  eS"",  from  the  Line  of  Tangents,  or  68""  trom  the 
Xine  of  Half-Tang^ts^  and  lay  thqn  from  O  to  £• 

Cafe  2.  When  the  De^ees  are  to  be  laid  from*  the  Periphery 
towards  the  Center  or  Pole  of  the  primitive  Circle }  At^  to  lay 
43^  •  24^  on  the  right  Circle  A  B  from  A  towards  0»  take  de 
Complement  of  43^ .  2/(  to  90^,  which  is  46** .  36^9  from  the 
Scale  of  Half*Tangents,  or  33^ .  18%  the  Han  of  it,  from 
the  Line  of  Tangents,  and  lay  it  from  O  to  H }  then  is  A  H 
43^ .  24",  becaufe  O  A  is  90^.  Or,  let  one  Foot  of  the 
Compafles  oYi  90^  in  the  Line  of  Half-Tangents,  and  extend 
the  other  'till  you  have  43''.  24""  between  the  Comptiies$ 
with  this  Extent,  place  one  Foot  of  the  CompaiTes  in  A,  and 
the  other  will  &!!  on  H }  thus  wiH  A  H  be  43*  •  24^9  as 
required, 

Prob.  42.  Tc  meafure  any  Part  of  a  right  CircU. 

This,  like  the  laft  Problem,  admlti  of  two  Cafes : 

Cafe  I.  To  meafure  the  Part  O  £  of  tho  right  Circle  A  B, 
take  O  £  in  the  CompaiTes,  and,  applying  it  to  the  Line  of 
Half-Tanpents,  it  will  reach  to  68® ;  or,  apj^yiag  it  to  the 
Line  oflangenrs,  it  will  reach  to 34®,  whi«di,  bebg dovbied, 
gives  6i®,  as  before. 

Cafe  2.  To  meafure  a  Part,  as  A  H,  of  the  right  Circle 
A  B,  take  OH  in  the  Compal!^,  and,  apply tng  it  to  the 
Line'Df  Half^Tangents,  it  will  reach  to  46^.  36^,  the  Com- 
plement of  which  to  00^  is  43®  •  24%  the  Meafure  of  A  H  s 
or,  take  A  H  in  the  (^ompaifes,  and  fetting  one  Fool  on  90® 
in  the  Line  of  Half-Tangents,  andF  fuming  die  other  towards 
the  Begiiming  of  the  Scale,  they  will  be  found  to  include 
43® .  24%  the  Meafure  of  A  H,  as  before. 

Prob.  43.  T^fiMi  tie  Pek  of  an  iUifue  Cirekj  BED. 

Draw  the  Diameter  BOD,  and  the  Diameter  A O C 
perpendicular  to  BODs  then  draw  a  line  from  B  thro*  E» 
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meeting  the  primitive 
Circle  io  F  j  from  F 
let  off  90^  to  G,  and 
draw  B  6  interfea- 
ing  A  O  C  in  H,  the 
Pole  of  the  oblique 
CinrkBED,  which 
lies  \betwixt  the  pri- 
mtttve  Circle  and  its 
Center.  If  >the  other 
Pole  be  required,  fee 
off  90**  on  the  pri- 
inicute  Circle  irom  F 

to  I,  extend  A  C  towards  K,  and  draw  S  I  meeting  A  C 
m  K,,  the  other  Pole  of  B  E  D. 

JFrom'  what  has  been  fliewn,  of  finding  the  Poles  of  the 
feveral  Circles,  the  Learner  m^y  perceive,  that  the  Pole  of 
every  Circle  is  ninety  Degrees  diftant  from  the  Circle  itfelf : 
Thus,  ff  E  H,  the  Diftance  between  the  bbliguc  Circle  BED 
and  Its  Pole,  be  meafured,  by  Prob.  42,  Cafe  2,  the  Parf 
E  O  wUl  b?  found  thirty-four  Degrees,  and  O  H  fifty-fix 
Degrees,  ^Jiich  together  are  ninety  Degrees. 


Prob.  44.  7i  lay  any  Number  of  Degras^  as  37  ^ 
4Miqif(  Circle,  BEX).    Sep  the  laft  Fjgure. 

Find  H,  the  Pole  of  the  oblique  Circle,  by  Prob.  43  5  take- 
rs ®  from  the  Line  of  Chonls,  and  fet  from  B  to  ^  ;  then  draw 
M  ^,  cutting  theK>bIique  Cirde  in  r ;  thus  will  B  r  be  37% 
as  was  required. 

■ 

3rohi  45.  fV  mutfufi  a  faru  4?r  B  r,  of  an  iUiaue  Cir* 
clfy  BED. 

^infl  H,  the  Pole  of  the  oblique  Circle,  by  Prob.  43  ;  then 
drawH  r,  tutting  the  primitive  Circle  in  a  ;  and  B  0,  being 
meafured  on  the  Cine  of  Chords,  will  give  37^,  the  Meafure 
of  Br.     Again,  if  it  were  required  to  meafure  the  Part  r  /  of 

the  fame  oblique  Circle,  firft  draw  Hr,  cutting  the  primitive 
Circle  in  a  ',  then  draw  H  j,  cutting  the  primitive  Circle  in  /  ^ 

.and  th^  DUbnce  aj,  .being  meafured  on  the  Line  of  Chords, 

:gji9fObSj°9  the  Meafure  of  r  r^  required. 

L  1  Prob. 
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B 

Prob,  46.  To  maki  an  Angle 
$/  ^3® .  29'  at  the  CtnUr  or 
Pole  rftbi  primitive  Circle.  r 

Draw  the  right  Circle  A  C ; 
then  take  23**,29'  from  the 
Line  of  Chords,  and  fet  from 
A  to  X,  and  draw  O  s ;  thus 
will  the  Angle  at  O  be^ 
23^  .  29^,  as  was  required. 

Pfob.  47.  Te  mate  an  Angle  ef  36^.40'  at  tie  Pehtt  B 
in  the  primitive  Circle, 

From  the  Point  B  draw  the  Diameter  B  D,  and  at  right 
Angles  to  it  draw  A  C ;  from  C  fet  off  36"*  •  40',  by  the 
Line  of  Chords,  to  r,  and  draw  B  r,  which  will  intcrfefi 
AC  in  /;  thro*  B^D,  by  Frob.  17,  draw  B#D,  makiogan 
Angle  of  36^.40'  with  the  primitive  Circle  in  the  Point  B. 
But  here  it  will  be  proper  to  obferve,  that,  when  an  Aogk 
is  fignified  by  three  Letters,  the  middle  letter  is  that  at  the 
angular  Point;  as,  here  it  is  the  Angle  ^  B^C  that  is  the 
Angle  required,  for  the  Angle  OB#  is  53^.20%  being  tbe 
Complement  of  the  other  to  90®. 

Prob,  48.    Te  draw  a  right  Circle  perpenJicnlar  to  the 
primitive  Circle. 

This  is  no  more  than  to  draw  a  Diameter,  as  A  C  in  the 
laft  Figure,   thro*  O,   the  Center  or  Pole  of  Che  primitifc 

Circle. 

Prob.  40.  To  draw  a  right  Circle  perUmBittlar  to  tbe  rkk 
Circle  AC. 

Find  B  and  D,  the  Poles'of  AC,  by  Prob.  38 i  thio' 
which  drawing  the  right  Circle  B  D,  it  will  be  perpendicuhr 
to  A  C,  and  pats  thro'  the  Pole  of  the  primitive  Circle. 

Prob.  50.  To  draw  an  oilifue  Circle  perpendicular  to  tht 
right  Circle  A  C. 

Having  drawn  the  primitive  Circle,  and  the  right  Cifde 
A  C,  draw  B  D  perpendicular  to  A  C,  by  Prob.  49  ;  fet  oat 
Foot  of  the  Compaflcs  any  wiiereln  AC,  excq>t  inO»  extend 
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the  other  Foot  to  B  or  D,  and 

draw  B  jr  D,  which  is  peroendicu* 

hr  to  A  C,  becaufe  it  Pf^ues  thro* 

its  Poks,  B  and  D.     But,  when 

it  is  required  lo  draw  a  Perpen- 

diouhu:  to  a  rig^t  Circle,  to  nuke 

a  given  Angle  with  the  prioiicive 

Circle,  as  of  40^,  in  this  Cafe, 

take  41  ^»  the  Complement  of  the 

men  Angle,  from  the  Scale  of 

Half-Tangents,  and  lay  from  O 

to  £ ;  tben^  by  Prob.  17^  draw 

an  oUique  Ciroe  thro'  the  three  Points  B,  E,  and  D, 

will  be  perpendicular  to  AC,  and  make  an  Angle^  < 

of  49^  with  the  primitive  Circle, 


25f 


Prob.  51.  7#  draw  an  Miqui  Chrch^  ^p»9  firpimUcular 
t9  amtber  phliqui  Circlij  P  QJt. 


By  Prob.  43,  find  p^  the  Pole 
of  the  oblique  Circle  P  Q.R ; 
then  taking  any  two  oppofite 
Points  in  the  primitive  <Jtrcle 
not  in  a  right  Line  with  ^,  as 
m  and  it,  draw  a  Circle,  by 
Prob.  17,  to  pafs  thro'  the 
throe  Points  m,  p^  and  »,  which 
will  be  perpendicular  to  the 
given  obll^iie  Circle  P  Q^R. 


Prob.  5a.  7i  draw  an  Miqui  Circle^  ^  ^P  Sj  ptrpendicular 
U  tbi  0iHqu$  CircU  P  Q^R,  to  pafs  tM  /,  any  given  Ptmt  in 
tbi  Mfui  CircU  P  Q^R. 

Draw  the  Diameter  P  R,  alfo  D  E  perpendicular  to  it ;  find 
Pj  the  Pole  of  the  oblique  Circle,  as  before,  and  draw  R  ^  i 
at  R  ered  q  R  perpendicular  to  R  ^,  and  extend  it  'till  it 
interfefib  the  right  Circle  D  £  produced  in  q  \  thro'  f ,  /, 
and  '^,  a  Circle  being  drawn,  by  Prob.  17,  will  be  perpcn* 
dicttbr  to  P  Q^R,  and  pa6  thro'  the  given  Point  #. 


L  1  2 


Prob 
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Prob.  53.  To  meafure  afpheric^t^ 
Anglic  rO  $9  when,  the  angular 
Point  O  is  at  the  Center  or  P(d'i, 
of  the  frUnithd  Circle. 

* 

Take  r  S  in  the  CompafTes,  and,, 
applying  i^  to  the  I/ine  of  Chorda, 
it  wi&  reach  to  47^  •  30%  the 
Meafure  of  the  given  Angle ;  thb 
being  the  fam^  Is  meafuring  a  qqoi- 
mon  Angle. 

Probk  54-  %  mafun  a  fphericat  AngU^  &  A  E,  whm  tk. 
angular  Point  A  is  in  the  PeripMory  of  ibo  primitive  Circle. 

Draw  the  right  Circle  A  O  B  paffing  thro'  the  Pole  of  the 
primitive  Circle,  aUb  SOT  .perpendicular  to  A  O  B  ;^  then 
sneafure  O  £  on  the  Scale  of  HaJf«- Tangents  41^  .  2i^\  which^ 
being  fubtra£led  from  90^,  leaves  SE  48^.32^,  the  Meafure 
of  the  Angle  S  A  E. 

Frob*  55.  To  meajure  a  fpherical  Angle,  B  I  £,  ma(k  ky.tht 
Interfeaion  of  theoilifue  Circle  £  I F  with  tie  right  Circle  BD 
at  the  Point  I, 

Draw  A  C  perpendicular  to  B  D 
pafliag  thro'  the  Point  O  ;    then 
draw  the  rfght  Circle  EOF;  by 
Prob.  43,    find  L,    the  Pole  of 
£  I  F ;   and  draw  I  L,  meeting  PA 
the  primitive  Circle  in  P  j   then       1 
Cp9  being  meaf(frcd.  on  the  Line     ^^ 
of  Chords,  is  64° .  2j;%  the  Mca-     * 
fure  of  the  giv^n  Angle  B I  £. 

Prob,  56.  51?  meafure  a  fpherical  Angte^  E  m  B^  made  i| 
the  Tnterfe^ion  of  two  oiR^ue  Circles^  E  /»  P  and  BmD^  i 
the  Point  m. 

Find  Af,  the  Pole  of  the  oblique  Ciide  B  m  D,  and  L»  tiM 
Pole  of  EiTf  F,  as  before;  then  dnw  mxG  and  mLHs  ^ 
G  H,  being  meafured  on  the  Line  of  Chords^  is  48® .  30',  the 
Mea&re  of  the  given  Angle  EmB, 

Bat 


E 


Bujt  tbb  Ruk  holds  only  wbea 
Ac  t^o  oMuJue  Circfej,.  E  ;«  F 
ancf  BmT>^  bai^  t&eir  convert 
Parts  the  fame  Way:  For,  if 
it  were  required  to.  meafure  the 
Angle  Stf  N,  made  by  the  In^  OC^- 
terfedien  of  the  two  oblige 
Circles  P  i»S  and  Z  a  K  s  havfng, 
by  Prob.  43,  found  ^,  the  Pole 
of  the  oblique  Circle  Z  a  Mf,  by 
the  fan^le  Prqb.  iind  ;r,  the  Pole 
oF    the   oblique    Circle  P  a  S9 

which  is  on  the  fame  Side  the  Cendsr  of  the  primtiife  Gifd» 
with/%  the  before-faund  Pole  o^  ZaN  |»  i,  Rukr^  being  lakft 
from  the  ang.ular  Point  a  to  /,  wiU  cut  the  ppimitive  Ctrd* 
in  F,  .^d,  being  laid  from  tbe  fane  Pbim  «  to  ;rv  vulll  cut 
the  primitive  Circle  in  £  ;  then  the  DiftaMe  £  F,  beings 
meafured  on  the  Line  o(  Qiocdi^  s  72^  •  %j^%  the  AfiafiireoC 
the  given  Angle  S  aKI 

Prob.  57.  fi  dnrtif  am  wUipu  Ghrdt^  qas^  t$  pftafi  aH 
AngUy  ha  qy  9f  39^  ttffffr  m  right  Gtch^  A  C,  and  t9  fafi 
ttro*  a  givan  Pmnt^  a^  in  ^af-Part  cffbt  right  CSrctt. 

Draw  BD  perpendicular  to  AC,- 
tjiro'  O,  the  Center  of  the  primi* 
five  Ctrcie  \  lay  \  ftukH>  frrni  B 
tD'tf,  wttch  wilt  ^t  Me  ^rirfiitive 
Circle  in  £,  and  draw  O  £^  to  a 

^  - 

convenient  Length  ;  at  C.  ereift 
C  t  perpendieuUr  to  A  C,  'till  it 
vMxx^  Y^Q  m  t  \  take  C  /  ia  the 
Compafles,  'and  fer  it  from  the 
Center  O  to  ^ ;  at  /  ered  etc 
perpendicular  to  A  C,  and  extend 
'  it  both  Ways  to  ^  ^ ;  take  60^ 
from  the  Line  of  Chords,  fet  one 
Foot  of  the  Compaffe  in  a^  and' 
with   the  other  draw  an  Anrh, 

wx%\  then  take  51^,  the  Complement  of  the  givea  39% 
ifit  itfioQ^  jr.  to  r^,  and  draw  a  r,  'till  it  meets  a ^  in  « $-  a» 
the  Point  r,  with  the  Radius  c  j,  draw  the  oblique  Ctf^le^ «  4» 
and  the  Angle  Kaq  will  be  39^,  as  was  required. 

Prob. 
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Prob.  5S.  Tp  drgw  an  tilifui  Cirelt,  r/I»  M  mat*  At 
Aitilt  tf  80"  with  tttttbir  aiUqiu  CirtU,  BtJ),  in  f,  aij 
givtn  PttHi  in  BeD. 

Tiaip,  the  Pcde  of  the  oblique 
Circle  B  r  D,  by  Prob.  43 ;  lav 
a  Ruin  from  p  to  ty  which  wiu 
cut  the  primitive  Cirde  in  m,  and 
from  m  let  0^90°  to  s ;  a  Ruler, 

being  laid  from  f  to  n,  will  cut  | 

the  oblique  Circle  B  r  O  in  »i 
a  Ruler,  oeii^  laid  from  e  to  x, 
'  will  cut  the  pHmidw  Circle  in  ^, 
fn>m  whence  lay  the  given  80^  to 
%i  a  Ruler,  bdng  laid  &om  c  to 
Xy  wiU  cut  tbc  right  Cirde  A  C 
in  1 1  thro*  either  of  the  Points 

c  or  1,  aa  f,  draw  a  -right  Cirde,  E  F,  whii^  crofi  at  right 
Angles  with  the  right  Cirde  G  H ;  then  draw  the  Line  t% 
and  at  H  end  H  I  perpendicular  to  ;  H,  wbid)  continae  'tUl 
it  meeu  E  F  produced  ia  I ;  laftly,  Om/  tiff  tbm  Poiati 
/,  I,  and  I,  by  Prob.  17,  draw  the  oblique  Cirde  tsl,  piffiiig 
thro'  f ,  and  making  an  Angle,  r  <  D,  of  80"  with  the  obli^ 
Circle  B  f  D,  as  was  lequind. 

Prob.  59.  r*  Jram  an  aUipu  CirtUy  F  «  E,  (fcV  «  /ran 
Feint,  a,  fa  at  t9  makt  an  jSiiglt  tf  40*  vtith  tin  frimttivt 

CircU,  f 

Take  the  Tangent  of  40^  in  the 
Compafies,  ftt  one  Foot  in  the 
Center  of  the  primitive  Cirde,  and  - 
dtaw  an  Arch,  t }  then,  with  ttie 
Secant  of  the  fame  Angle  of  40", 
fet  one  Foot  of  the  Compafles  in 
the  givefi  Point  a,  and  dctcribe  an 
.  Arch  interfering  the  former  in  /, 
which  is  the  Center  of  the  required 
Circle)  upon  which,  with- the  Ex- 
tent e  a,  defcribe  £  a  F,  whidi  wiH 

meet  the  primitive  Cirele  in  £,  and  make  an  Aog^,  «  E  B, 
of  40°,  at  required. 

Prob. 
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Prob.6o.  To  draw  a  Ujfkr  CircU 
yaralUl  u  th$  primitivi  CireUy  at 
m  given  Diftana  of  46^  from  tbe 
CiHtir  of  tie  primitivi  Circle. 

With  the  Half-Tangent  of  the 
given  46^  in  the  Compafles,  fet  -A 
one  Foot  in  the  Pole  of  the 
primktve  Cifcie,  and  draw  the 
kflbr  Circle aicd^  which  will  be 
parallel  to  the  primitive  Cirde 
A  BCD. 

Prob.  61.  To  draw  a  U£ir  Circle y  e  f  g^  parallel  to  tie 
right  Circle  BD,  at  53^/r^/»  //. 

Take  ^53^  from  the  Line  of  Chords,  and  >y  tfa^Bi  £j:qib 
ff  to  #,'"ana  from  D  to  ji^ ;  then  lay  a  kuler  from  B  to  gj  and 
It  will  cut  the  right  Circle  AC  in  /s  thro*  the  three  Points 
e^  fy  and  ^  by  Prob.  17^  draw  e  J  gy  Huo.  nuallel  required. 

Prob.  62.  To  draw  a  lejfer  Circle^  a  h  Cy  parallel  to  an 
Mpte  Cireley  B  /  D,  at  22""  diflantfrom  it. 

Find  py  tfae^Pole  of  the  oblique 
Circle  B  #  D,  bv  Prob.  43 ;  a 
Kuler,  being  laid  from  D  to  ^, 
will  cut  the  primitive  Circle  in 
a;  fet  off  68"",  the  Comply 
ment  ci  the  given  Diftance,  ^ 
from  ay  hqth  Ways,  to  d  and 
#  }  a  Ruler^  being  laid  from  I> 
to  if  and  /,  will  inter&dt  the 
right  Circle  A  C  in  ^  and  ;  i 
then,  hy  Prob.  i,  bifed  bg  in 
h,  the  Center,  on  which,  with  the  Radius  bb^  or  b  f ,  draw 
the  Arch  abcy  the  Parallel  required.    . 

B 

Prob.  63.  Jf^  Point  being  given 
as  a  Polcy  to  draw  its  Circle. 

This  Problem  has  three  Cafes : 

Cafe  I .  When  the  given  Point 
is  the  Center,  as  O,  then  is  the 
Circle  a  primitive  Circle,  AB  C  D  ; 
which  may  be  drawn  with  any 
Radiusj  at  Pleafurc« 


Cafe 


.  1 
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Cafi  2.  When  the  given  Foint,  »  A,  is  in  tk  l^ripliefy 
of  the  pijmitjve  <^irc1e,  iet  off  90^  /rom  A,  h<Mh  Ways,  t« 
fi  and  D ;  then  draw  the  v%ht  Cirde  B  9  D,  ^  Cide 
reqiiired* 

Ca/e  3.  V^heo  the  given  J^ijM, .  «9  iz,  is  JBtinher  in  Ihe 
CSenter  or  Peiipheiy  t)f  ihe  pcimkive  Ckde,  thn»'  a.  and  flic 
Center  of  the  pchnitivf  Cirde  draw  a  jrtghtOrde,  A  A  and 
another  at  right  Angfes  to  it,  aa^B  D ;  A  Riibr,  being  Ui 
from  B.totf,  iwill  Q»it  the  piimitiioe  Ctrale.iii  ci  ftt  fifiQO'^ 
/rom  c  tq  1/,  andlay  a  Ruler  ff^Mcp  B^to  d!|  inrbicb  wdl  csit.th9 
right  Circle  AC  in  ^ ;  then  thro'  the  three  Poiitfe  A  A 
and  P,  by  Prob.  ^7,  draw  ^e  Circle  6 /P,  vhidi  ^Hl.bc 
the  required  oblique  ^Tirde  to  the  Pole  4r. 

S^ifffHcai  TRiG<mo»»ET«Y. 


PLAIN  or  ajgiit-)iiiflrf  Tdangles  Juc  (formed  >  «bi 
Interfedipn  of  right  Lilies :  ,  Sp^qric^l  Tuifu^fkt  aie 
formed  by  the  Interfedion  jof  Circles :  The  ^f ides  of 
tfaefe  are  Parts  of  tbofe  Circles  ;  >8d  fpiierical  .Aqgks  m 
meafured  by  (he  Arch  of  a  great  Circle,  interoeptffd  h9^**>9 
the  Aichea  whidh  confittute  t^.  Angle., 

^e  Properties  o/Jpkfrical  frian^ks  are  as  JoSfftm : 

1.  The  Sum  of  the  three  Angl^  of  .any  iphprkal  Triao^ 
are  greater  than  two  right  Angle^j  \aod  Ids  thaja  fix  r^ 
Angles. 

2.  The  Side  of  a  fpherical  Triangle  is  Ie&  than  aSemicirde. 

3.  The  three  Sides  of  a  ^hcrical  Triangle  are  k&  than  a 
Circle  or  360**. 

4.  The  greateft  Side  alwa3rs  fubtends  the  greateft  Angje. 

5.  In  a  right-angled  fpherical  Trian^e,  if  the  L^^  or  Sidti 
containing  the  right  Angle  are,  each  of  them,  greater  or  lefi 
than  90^,  then  will  the  Hypothenufe  be  lefs  than  90^. 

6.  But,  if  the  two  Legs  are,  one  gVeater,  and  the  other  Icfi, 
than  QO^,  then  will  the  Hypothenufe  be  greater  th^n  90^ 

7.  In  a  right-angled  fpherical  Triangle,  if  the  Legs  coA- 
taining  the  right  Angle  are,  each  of  them,  greater  than  90% 
each  of  the  Angles  oppoiite  will  be  greater  than  90**  j  but,  2 

each 
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etch  of  the  Legs  sre>  lefi  thin  ^"^^  tnch  of  the  ^ppofttf  Angles 
'WiU  be  Ie6  (ban  go^. 

8.  If  the  Hypothenttfe  te  mote  than  00^^  the  Sides.con- 
'   taining  the  Angles  wHI  be^  6ne  lefs,  the  other  more,  than  90^  $ 

and  the  Angles  cfppdfite  to  thoffe  Slides  will  fie,  one  kb^  the 
other  more,  than  90**.       .       ,         .  ,  . 

9.  If  the  Hypothenufe  is  left  than  90^,  the  other  Sides  will 
lie  eaeb  mone  ^han  9c'';  or  eaeb  kb  ihan  90^  ;  and  the  Angles 
oppofite  thofe  Sides  will  alfo  be  each  move,  or  eftch  left,  than 
90*,  as  were  the  Sides, 

•  • 

The  Solution  of  right^^4m^M  Jpbmea^  Triangles. 

The  JLrQrd  Nipiir,  the  npble  Inventor  of  Lqgarithmf^  dif* 
covered  a  Method  for  folving  right-angled  f{iherit:at  Triangles, 
which  is  called  tbe  Catbolick  Propofitkn:  This  being  beft 
tdapted  for  the  Eafe  of  the  Memory,  I  (hall  endeavour  ta 
exiflain  it  fo  that  the  Reader  may  meet  with  as  little  Dificuh^ 
as  may  be  in  tbb  Part  of  the  Work. 

The  Hypothenufe,  Bafe,  Perpeodiciilatt  and  tbe  other  two 
Angles,  that  ia,  the  five  Parts  •f  a  ^heriicail  rigtkt-angkd 
Triangle,  excluftve  of  tbe  rigbt  Angle,  are  caUcd  the  jin0 
tircukr  Partu 

Of  thefe  fivi  circular  Parity  if  the  two  of  them  which  are 
given»  and  the  third  which  is  to  be  found,  are  fo  (ituated  that 
no  oth^  Part  of  the  Triangle  lies  between  them,  it  is  called 
an  Epctnmt  conjunlf:  The  right  Angle  is  not  reckoned  a$ 
any  Part,  it  not  being  one  of  the  five  circular  Parts :  And  the  . 
Part  that  then  lies  in  the  Middlie  of  thefe  three  Parts  is  called 
the  middle  Part^  and  the  other  two  the  Extremet  ccnjunff. 

But,  if  between  the  two  Parts  that  are  given,  and  the  third 
which  is  to  be  founds  there  lies  any  other  Part  eitcept  the 
right  Angle,  it  is  called  an  Extrenu  disjun^  \  and  that  Part^ 
between  which  and  the  otber  Parts  there  lies  either  a  Side  or  - 
an  Angle,  \sr  called  the  middU  Part ;  and  the  two  Parts  lying 
together  are  called  tbe  Extremes  disjunSf*  This  DiftinAion 
I  advife  the  Reader  to  be  careful  to  obferve. 

Rule  I.  When  it  is  an  Extreme  conjun£i,  and  the  midJk 
Piirt  is  to  be  found  r 

As  the  Radius 

Is  to  the  Tangent  of  one  Extreme, 
.  So  is  tbe  Tangent  of  tbe  other  Extreme 
To  the  Sine  of  the  middle  Part* 

M  m  if^tif 
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N$ii^  That,  if  tbe  middU  P^H^  or  w^Sm  of  the  R^nrmis 
€9njuna^  be  tbe  Hypocbenufey  or  cither  of  tbe  obiiqiie  Angksi 
then,  in  the  above  PkopoKtioa,  iofiaid  of  the  Taogcnts  and 
Sines,  ufe  tbe  Co-tang^ts  and.  Co-finei ;  but,  if  tbe  BaCsiy 
or  Perpendicular,  ibould  be  the  oiiddk  Part,  or  tbe  Exticoei 
conjund,  then  ufe  only  the  Tangoits  and  Sinei. 

Ruli  a.  When  it  is  an  £xtitaie  conjiuiA,  and  pe  of  tk 
Extremes  is  to  be  foupd; 

At  tbe  Tangent  of  tbe  given  Extreme       ^ 

Is  to  tbe  Radius, 

So  tt  die  Sine  of  tbe  middle  Part 

To  the  Tangent  of  the  required  Extreme. 

Tbe  fiune  KoU  muft  be  oUenred  here  as  in  the  firft  Rale. 

•  ■ 

KmU  3*  When  it  is  an  Extreme  disjunA,  and  tbe  niddk 
I'arc  is  to  be  found : 

As  the  Radius 

Is  to  the  Confine  of  one  Extreme, 
So  is  tbe  Co-fine  of  the  other  Extreme 
To  the  Sine  of  tbe  middle  Pkrt. 

Noti;^  Tbat»  if  cither  of  tbe  Extremes  disjunft  be  tbt  Hypo- 
thenufe,  or  either  of  the  oblique  Angles,  in  tbe  aboft  rio- 

Ertion,   inftead  of  the  Co-fine,  ufe  the  Sine  ;  but,  if  cbe 
fe,  or  Perpendicular,  ibould  be  tbe  Extremes  disjunct  tkt 
ufe  the  Confine. 

Ruli  4.  When  it  is  an  Extreme  dbjund,  and  oae  of  djf 
Extremes  is  to  be  found : 

As  the  Co-fine  of  the  given  Extreme 

Is  to  the  Radius, 

So  is  tbe  Sme  of  the  middle  Part 

To  dbe  Co-fine  of  tbe  required  Extreme. 

The  fame  Nou  is  to  be  obferved  here  as  in  the  third  Rule. 

^ Prob.  64.  /«  ibe  rigbt-angled  fpberUal  Triangk  ABC, 
rigbt-angUd  at  B,  ghen  tbe  Hfpothentife  A  C  75^ .  ao%  td 
tbi  AngU  B  C  A  57* .  16',  t9  find  tbe  Perpendicular  B  C. 

Conftruaion.  With  the  Chord  of  60^,  draw  tbe  primitiw 

CircleEDBC;  draw  the  oblique  Ciide  C  A D,  byProb.4^ 

b 


b  »  to  flvlw  fm  AAgle  set  C  of 
57^.  l6^  I  hj  Pfob.  44»  find  P, 
Che  Pdc  of  tins  oblique  Ciicl%  ^, 
bjr  Prob,  45,  lay  on  it  75^  •^o^ 
mm  C  to  A;  then  draw  the  right 
Circle  BE  thro'  the  Point  A  and 
Center  or  Pole  of  the  primitive 
Circle  0»  which  inttrfedb  (he 
primkive  Cirde  in  B*  and  forms 
the  Triangle  A  B  C>  r^ht-angled 
•t  B.     ' 

In  the  fpherical  Triaule  ABC  there  is  gifen^  befides  the 
right  Angle  at  B,  the  Hypothenure  A  C  75^ .  zd^  ^nd  thf 
Angle  at  C  $7'' .  i6%  to  find  the  Perpendicular  B  C  :  Thefe 
Parts  having  no  P^ts  betwixt  them,  it  is  an  ExtntHe  cMJun^^ 
and  A  C  and  B  C  are  the,  two  Extremes,  and  the  Angle  at  C 
is  the  middle  Part ;  hence  the  pre&nt  Cafi  is  an  Extremi  con^ 
jwUfy  and  one  of  the  Extremes  is  to  be  found  :  Therefore,  to 
find  the  Perpendicular  B  C,  by  the  fecond  Rule,  and  the  Note^ 
»  the  middle  Part  is  an  oblique  Angle,  and  one  of  the  Ex- 
tremes is  the.Hypothenufe, 

As  the  Co-tangent  of  A  C,  75'* .  20',       Co.  Ar.  0.582158 

Is  to  the  Radhis,        ■  10. 

So  is  the  Confine  of  the  middle  Part  BCA,  57^.16%  9*732980 

To  the  Tangent  of  the  Perpendicular  BC,  64^.10'',  10.315 1 38 

The  Perpendicular  B  C,  behig  Part  of  the  primitive  Circle, 
may  be  meafured  with  a  Line  of  Chords,  by  Prob.  41 ;  by 
which  the  Learner  will  fee  the  Agreement  between  the  Con- 
ftniAion  and  Calculation. 


Prob.  65*  In  the  rsght*angled  fpherical  Triangle  A  B  C^ 
right-angled  at  B,  given  the  flypotbenufe  AC  75°.  20%  and 
the  Ingle  at  C  57** .  it\  to  find  the  other  Leg^  or  Safe,  A  B. 

The  fiune  Things  being  given  as  in  the  laft  Problem,  the 
€2piiftnaftioii  is  the  toe :  And  here  I  advife  the  Learner 
CO  conftruA  the  Figinc  by  the  Dire^ions  there  given,  and  to 
mark  the  Parts  given  with  a  — ,  and  the  Fart  required  wich 
aa  o  I  the  Reiukt  will  find  the  Advantage  of  doing  this  at 
wetf  Problem. 

The 


^ 
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The  PcrpeAdkuhr  or  Leg  B  C  \fu%  beM«M*tbe  giveii 
Angk  M  C  and  thePafe  A  B,  it  fa  aft  Exirtme  MtfMna,  2U 
the  Bale  A  B,  the  Part  to  be  feuii4,  is  the  middle  Rirt ; 
tbexdbrei  hf  the  third  Rule,^  md  tti  ^ff^, 

ff 

Aa  the  Rsdiqa  ■  ■■  •^—         10. 


«^ 


la  to  the  Sine  of  one  Extreme  A  C,  95* .  2o\    ^^  ^^Sl^^i 
80  k  the  Sine  of  the  other  Extvene  B  C  A,  57^16%  9.924897 

To  the  Sine  of  the  inid4le  Part  A  B»  ^4"" .  28%         9.9105 10 

TheBlirfe  AB,  bekig  Partof  a tjg^ Circle,  may  be  meafefcd 
hy  Firok  43>  C^  p 

Prob.  66.  h  th  rigbt-a^Ui  /fberii^  TriaMgU  A  B  Q 
rigbt-iuiglid  a/  B,  fhen  thi  HfMiumfo  AC  75^.20%  and 
tbi  Angle  H  C  $j^.  i6%  /«  /m  the  AngU  at  A.  See  the 
Figure  at  Prob.  64,  the  Confiru^on  being  the  feme. 

The  two  Parts  given  and  the  Part  remiired  lying  togetbefi 
with  no  Part  between  them,  this  is  an  Extremi  cmjmm^^  and 
B  A  C,  one  -of  the  Extremes,  is  to  he  found  ;  whicfa  maj  bp 
done  by  the  fecond  Rule,  and  its  Note^  as  follows : 

As  the  Co-tangent  of  B  C  A,  57- ,  16',  1^  ^ 

one  of  the  Extremes,  -— -  J  ^  w.ii^i^^i/ 

Is  to  the  Radius,  — •  ■  lo. 

So  is  the  Co- fine  of  A  C,  75^.  20^,  the  middk  Part^   940345s 

To  the  Co- tangent  of  B  A  C,  68**.  30%  the  other  1 
Extreme,        ~- J  9-59537* 

The  Angle  BAC,  made  by  the  InterfeSion  of  the  right 
OE 


BOE  and  the  oUique Ck de  C  A  D,  may  he ixMafitfed 
by  Prob.  55. 

Prob.  67.  In  tki  rigki-angled  fpbirical  Triai^  ABC, 
right-anglul  at  B,  given  tie  Side  A  B  54"" «  28%  emdjke  M^ 
at  A  bi"" .  30%  tefind  the  Leg  BC. 

Cenftruaien.  With  the  Chord  of  60* »  draw  tbe  prifntUfB 
Circle  B  C  E  F  $  draw  the  right  Circle  B  £,  whkh  wiD  bs 

perpea* 


Sfbtrkal  Trigonmefry'   ^  ^6g 

perpendicular    to    the    primitive  p 

drcle,*  becaufe  k  paffcs  thro*  its  ^f 

Pale  O ;  hy  34*  •  ii'  fr^m  B  to 

A,  by  Prob.  42,  Cafe  n  ;    thtw, 

by  Prob.  57,    draw  an  oblique 

great  Cifde,  C  A  F^  to  majce  an  "Bl 

Angle  of  68** .  30'  with  the  right 

Circle    BE,   in   the  Point    A, 

whjcb    completes    the  fpherical 

Triangle   ABC,    right-angled 

at  B. 

Hofc  i^othing  lyin]^  hebwtcn  the  Side  P  C»  the  Si4^  B  A, 
and  the  Ajagle  at  A,  it  is  an  Extreme  conjurUf^  and  one  of  the 
Extremes  is  to  be  found ;  wherefore,  by  the  fecond  Ruk,  and 

As  the  Co-taoasnt  of  A,  68^.30'^  ^2r«  a^  « ^z.*/;^ 
given  Extiem^         .  J^'  A'-  0404602 

U  to  the  Radiui,  « '  — ^-        10. 

So  is  the  Sine  of  A  B,  54''  •  28",  the  middle  Part,      9.910506 


M* 


To  the  Tangent  of  B  C,  64** .  io%  the  other  7      ^  ^_     o 
Extreme,  i    10.315108 

The  Perpend  icukr  B  C  may  be  meafured  on  the  Line  of 
Chords,  by  Prob.  41 « 

Prob.  68.  In  the  right-angled  fpherical  ^triangle  ABC, 
right-angled  at  B,  given  the  Bafe  or  Side  A  B  54° .  28',  and 
the  AngU  at  A  68**.  30',  f  find  the  Angle  at  C.  See  the 
Figure  in  the  lafl  Problem,  the  Conftrudion  being  the  fame. 

The  Hypothenufe  A  C  lying  between  the  Angles  A  and  C, 
it  is  an  Extreme  disjunffy  and  the  middle  Part  C  is  to  be 
found  s  hence,  by  the  third  Rule,  and  its  Note^ 

As  the  Radius        '  ■  lo. 


Is  to  the  Co- fine  of  the  Extreme  A  B,  54® .  28^,      9.764308 

flb  is  the  Sine  of  the  Angle  at  A,  68*=^.  30%  the  )       ,g,  ^ 

other  Extreme,  —  J9.90«07i5 

To  the  Co-fine  <rf  the  Angle  at  C,  57® .  i6%  ,  --.    9.732986 

The  Angle  at  C  may  be  jBicafiiixd  by  Prob.  54. 

Prob. 
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Prob.  69.  In  tbi  right-anghd  AhtrUal  Triangle  A  B  Q, 
rigbt-angUd  at  B,  given  the  Side  A  d  ^^4^  •  28  \  and  the  Angle 
at  A  68"" .  30%  te  find  the  Ifypethenufi  AC.  See  the  Figuit 
ftt  Prob.  67,  the  Conftrudion  bcii^  the  btM. 

This  is  an  Extreme  conjun^^  and  one  of  the  Extremes  ii  to 
be  found  ;  therefore,  by  the  fecond  Rule,  and  its  Nete, 

As  the  Tangent  of  the  given  Extreme  AB,  54^.  28^,  io«i46i98 


Is  to  the  Radius  ■■  ;    ■  ,-m-»         10. 

So  is  the  Co-fine  of  the  middle  Part  BAC^  68''.  36",  9'5&4075 

19.564075 
IO.I46I98 


To  the  Co^tang.  of  the  Hypothenufe  AC,  75*.  icT,   9-417877 

The  Logarithm-Tangent  in  the  iirft  Number  being  greater 
than  the  Radius,  the  arithmetical  Complement  oouM  not  be 
had.  The  Truth  of  the  Work  may  be  found  by  meafuri|ig 
the  Hypothenufe,  by  ftob.  46. 

Prob.  70.  In  the  right-angled  Jfberical  Triangle  A  B  Cy 
right-angled  at  B,  given  the  IJfypothenu/e  A  C  75** .  20',  and 
the  Safe  A  B  54°  .  28',  to  find  the  Perpendicular  B  C. 

Conftru^ion.  With  the  Chord 
of  60"^,  draw  the  primitive  Circle 
E  F  G  D,  thro'  the  Pole  or  Cen- 
ter A ;  draw  a  right  Circle,  E  A  D, 
and  crois  it  at  right  Angles  with  ^j 
the  right  Circle  FAG;  ukc  the  •*'' 
Halt  Tangent  of  75°  .  20%  and, 
with  one  Foot  of  the  Compafles 
in  the  Center  of  the  primitive 
Circle,  draw  the  lefler  Circle 
mn  ej  parallel  to  the  primitive 
Circle ;  lay  54'' .  28'  on  the  right  Circle  £  D,  from  A  <» 
6,  by  Prob.  42,  Cafe  1 1  then  thro'  the  three  Points  F,  fi, 
and  G,  by  Prob.  17,  draw  the  obliqua  Circle  F  BG,  inter- 
ftding  the  lefler  Circle  m  if  f  in  C,  thro'  which  and  the  Pole 
or  Center  of  the  primitive  Circle  draw  the  right  Cirde  H  ACI, 
and  A  B  C  is  the  Triangle  required, 

Tbc 
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The  Angle  BAG  /aUioj;  between  the  »ven  Sides  A  B  and 
A  C,  it  is  an  Extnme  JhjufUf^  and  the  Extreme  B  C  is  to 
be  found  ^  whence^  by  the  fourth  Rule,  and  its  Nate^ 

As  the  Co-fine  of  the  given  Extreme  A  B,  ?  r,     .       ^^^c^^ 
j^o^^8%       •— - —       JCo.Ar.o.23s69X 

Is  to  the  Radius,        ■  — —  10. 

So  b  the  G>-fine  of  the  middle  Part  AC,  75^  •  20^,  9403455 

To  the  Co-fine  of  the  other  Extreme  BC,  64^.  io%  9.639147 

The  Perpendicular  or  Les;  B  C,  being  a  Part  of  the  oblique 
Circle  F BG,  may  be  meatured  1^  Prob.  46. 

Prob.  71.  Im  thi  r^hi^ngkd  fpherical  TriangU  ABC» 
riwkiHingUd  mi  B,  given  tbi  Bafi  A  B  54''  •  28%  and  the 
^^benuft  A  C  75^ .  20%  Ufind  the  Angle  at  A. 

The  Conftru^bn  is  the  frme  as  in  the  laft  Problem. 

The  three  Parts  l]f4ng  together,  with  no  Part  between,  this 
ie  aa  Extreme  cenjun^^  and  the  Ai^le  B  A  C,  required,  is  the 
middle  Part ;  whence,  by  the  firft  Rule,  and  its  Ncte^ 

Am  the  Radius        ■■    ■  ■■    ■  ■        10. 


Is  to  the  Cortangmt  of  the  Extreme  AC,  75''.20%  9.4x7842 
So  is  die  Tang,  of  the  other  Extreme  AB,  54^.28%  lo.  146198 

To  the  Co-fine  of  die  middle  P^t  B  A  C,  eS"" .  3o^  9. 564040 

The  Angle  at  A,  being  at  the  Center  of  the  primitive 
Circle,  is  mealiired  as  a  plain  Angle,  by  Prob.  53. 

Piob.  72.  In  the  rigbt^ngted  ffberical  Triangle  ABC, 
rhbt-angled  at  B,  given  the  Bate  A  B  54°  .  28%  and  the 
Mjpetbenufe  AC  75"^ .  ao%  f  find  the  Angle  at  C. 

The  Conftrwftton  is  the  fame  as  in  the  two  laft  Problems* 
See  the  Figure  at  Prob.  70. 

The  Angle  B  A  C  lying  between  the  Bafe  and  the  Hypo- 
thenufe,  this  is  ah  Extreme  disjun£l^  and  the  Angle  at  C, 
which  is  to  be  found,  is  one  of  the  Extremes  j  therefore^  by 
the  fourth  Kult^  and  its  Note^ 

As 
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Ai  the  Sine  of  the  giveh  Extfeme  A  C,'  j^^  ^^^  o^ujJj 

75     •  ^^  » 
Is  CO  the  Radius,  "---^  -**—  re. 

So  is  the  Sine  of  the  middle  Part  A  B,  54** .  28',       9,9ioso6 


Mi^dAdl 


To  the  Sine  of  the  required  Extreme  ACB,  S7''*l6\  ^.924893 

The  Angle  ACB,  being  made  by  the  IntefftSirtn  of  an 

oblique  Cirtle  artd  a  right  Circle,  taay  be  meafufcd  by  Prob.  55. 

Pfob.  73.  In  the  right-angled  /phiHc^l  Tridngle  ABC, 
right-angled  at  B,  given  the  P§rpendimlar  B  C  64^  .  io\  and 
the  Angle  ^  A  68° .  30',  to  find  the  Bafe  A  B. 

Conftrueiion.  With  the  Chord 
of  60**,  dcfcribe  the  primitive 
Cirde  B  F  D  G  ;  Ihro^  Whieh 
dlfa^^  at  Pleafure,  the  right 
Circle  B  D,  atkl  crofs  il  at  right 
Angles  with  the  right  Circle 
FG  5  froW  B  fet  off  64*^ .  10" 
to  C^  aAd  dfav^  C  E,  atid  at 
light  Angles  to  it  draw  H  I ; 
from  F,  both  Ways,  fet  off 
68® .  30'  to  c  and  d  5  a  Ruler, 
being  laid  From  B  to  r,  or  from 
D  16  i,    will  cut  F  G  in  *  i 

thro*  the  three  Points  ^,  e^  and  <•,  ^by  Prob.  17,  draw  the 
(yaralld  Circle  c  e  d,  interfering  the  right  Circle  HI  inrj  a 
Ruter,  being  laid  from  C  to  r,  cuts  thfi  primitive  Circle  in  1, 
from  whence  lay  90®  to  /  j  a  Ruler,  being  laid  from  C  to  /» 
will  cut  the  right  Circle  fl  I  in  «  ;  then^  by  Prob.  17,  draw 
a  Circle  thro'  the  three  Points  C,  u^  and  E,  which  wrl 
interfedk  the  right  Circle  B  D  in  A,  making  an  Angle,  B  AC, 
of  68"^ .  30,  and  complete  the  required  Triangle  ABC. 

The  three  Parts  lying  together,  with  tio  Plart  between  theip, 
(except  the  right  Angle^  whicb  is  always  extepted)  tMs  is  aft 
'Extreme  conjunSt^  and  the  middle  Pan  A  B  is  to  be  Ibund  \ 
then,  by  the  firft  Rule,  and  its  Note^ 

As  the  Radius  ■■  ■■  '         10. 

Is  to  the  Tangent  of  the  Extreme  BC,  C^"* .  xo^,  10.31503^ 
So  is  the  Co-iang.  of  the  other  Extreme  B AC,  68'*.3o'',  9.59539J 

To  the  Sine  of  the  middle  Part  A  B,  54** .  28',  9.910430 

The  Bafe  A  B  may  be  meafured  by  Prob.  43,  Cafe  2. 

Prob. 


Prob,  74,  In  tie  right-onglei  fibirical  Triai^Ie  A  B  C, 
rigbt-angied  at  B,  given  the  PerpentUcuhr  BC  64^.^0^,  and 
tie  JngU  tf/  A  68^ .  30%  i^  find  the  Hfpothatufi  A  C. 

See  the  Figure  of  the  laft  Problem,  the  Conftrudion  b^ing 
the  fame. 

The  Bafe  lying  between  the  two  given  Parts,  B  C  and  the 
Angle  B  A  C|  this  is  an  Extreme  disjunff^  and  the  Hypothenufe 
AC,  the  Part  to  be  found,  is  one  of  the  Extremes  \  tberefoiv, 
by  the  fourth  Rule,  and  its  M//, 

As  the  Sine  of  the  Extreme  BAC,  68^.  30^,  Co,  Ar«  ^.5313291 

Is  to  the  Radius,  i"  ■  "■»  >      "'■"         10. 

So  is  the  Sine  of  the  middle  Part  B  C»  ^^^  v  io%      9  9^4^74 


■*«Ma^^dU*-«l« 


To  the  Sine  of  the  Hypothenufe  AC,  75^  •  %o\       9*985596 
The  Hypothenufe  A  C  may  be  meafured  by  Prob.  46; 

Prob.  75.  In  th  right-tsngkd  fihiricdl  THafigU  A  6  C9 
rigbt-anghd  at  B,  given  the  Perpendicular  BC64*'.  10'',  and 
the  Angti  at  PLi%'' .  30',  to  find  the  Jingle  at  C. 

The  fame  Parts  being  given  as  in  the  two  laft  Problens,  the 
Confirudion  is  the  fame.     See  the  Figure  at  Prob.  73. 

The  Hypothenufe  A  C  lying  between  the  two  Angles  BAC 
aful  BC  A,  this  is  an  Extreme  disjun^^  and  the  required  Aiigle 
at  C  is  one  of  the  Extremes  \  therefore^  by  the  third  %mt^ 
and  its  Note^ 

As  the  Co-fine  of  the  Extreme  BC,  64*. 10'',  Co.  Ar.o. 360758 

Is  to  the  Radius,  — •  — —    -       10. 

So  is  the  Co-fme  of  the  middle  Part  BAC,  68^.  36",  9«564«i75 

To  the  Sine  of  the  Angle  at  C,  57  **.  16',      —        9*994933 

The  Angle  at  C,  made  by  the  oblique  Circle  C  A  E  inter- 
feftirtg  thfe  primitive  Circle  at  the  Point  C,  may  be  meafured 
by  Prob.  54. 

Prob.  76.  In  the  right-^led  J^berical  Triangle  ABC, 
right-angled  at  B,  given  the  Perpendicular  B  C  64° .  10',  and 
the  Safe  A  B  514*  .%%\  te  find  the  Hypothenufe  A  C. 

Cmfiruaien.  With  the  Chord  of  60^^,  draw  the  primittvc 
Circle  B  C  D  E  s    thro*  the  Pole  or  Center  draw  the  right 

N  n  Circle 
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Circle  B  D ;  take  64° .  10'  from  '  C 

the  Line  of  Chords,    and  lay  it 
from  B  to  C  i    draw  the  right 
Circle  C  O  £,   and  crofa    it   at   B, 
right  Angles  with  the  right  Circle       ; 
FOG 5  hyProb,42,  Cafe 2,  lay  G| 
on  the  right  Circle  B  P  C4^ .  iST, 
fr^di  B  to  A ;  then,  by  rrob.  17, 
draw  an  oblique  Circle  thro'  th^. 
three  Points  C,  A,  £,  and  the  Tri- 
angle A  B  C  is  completed. 

The  Angles  lying  between  the  two  given  -Parts  and  iht  Part 
required,  it  is  an  Extreme  disjunify  and  the  middle  Part  A  C 
is  to  be  found ;  therefore,  by  the  third  Rule,  and  its  Note^ 


As  the  Radius 


10. 


Is  to  the  Co-flne  of.the  Extreme  A  B,  54^ .  28^,      9-764308 
So  is  the  Co-f^ne  of  the  other  Extreme  BC,  64^.10%  9.639242 


i^-^" 


To  the  Co-fme  of  the  middle  Part  AC,  75° ,  20%     9.403550 
The  Hypotheoufe  may  he  me^fured  by  Prob.  46. 

Prob.  77.  /«  ib$  right-angled  fpherUal  TriangU  ABC* 
right-angled  e^t  B,  given  the  Perpendicular  B  C  64^ .  lo',  tfV 
the  Bafe  A  B  54** .  28',  to  find  one  of  the  Angles  y  as  C. 

See  the  laft  Figure,  the  Conftrudion  being  the  fame  as  in 
the  laft  Problem. 

No  Part  lying  between  the  two  given  Sides  and  the  An^ 
required,  it  is  an  Extreme  conjunffy  and  the  Angle  at  C,  one 
of  the  Extremes,  is  to  be  found  j  whe^ice,  by  the  fecond  Rule, 
and  its  Note^ 

As  the  Tangent  of  the  Extreme  A  B,  54'' .  28',      10.14619? 

Is  to  the  Radius,         ■  _«.         jo. 

So  is  the  Sine  of  the  middle  Part  B  C,  64** .  io%         9-954^74 

To  the  Co-tangent  of  B  C  A,  57^ .  i6%       —        9.808026 

The  Angle  at  C,  made  by  the  oblique  Circle  C  A  E  intcr- 
fcSing  the  primitive  Circle  at  the  Point  C,  may  be  mcafiircd 
by  Prob.  54, 

If 
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.  )f  the  fame  Things  are  given,  and  the  Ar^le  at  A  required^ 
It  is  ftiil  an  Extnme  cenjun^^  and  the  Bafe  A  B  is  novr  the 
middle  Part ;  to  find  which,  by  the  firft  Rule^  and  its  Noti^ 
the  Proportion  is  as  follows : 


As  the  Tangent  of  B  C,  64* .  to'. 


Is  to  the  Radius,        * — ^— 
So  is  the  Sine  of  A  B,  SA^  *  ^8% 


To  the  Co- tangent  of  B  A  C,  eS"" .  30% 


IQ.31S032 

10.        ^ 
9.910506 

19.910506 
10.315032 

9^595474 


The  Angle  at  A,  made  by  the  right  Ciicle  BAD  and 
oblique  Cirde  C  A  E  interfering  each  other  at  the  Point  A, 
may  be  meafured  by  Prob.^5 {• 


Prob.  78.  In  the  right-angkd  fpberical  THanfh  ABC, 
right'dngUd  at  B,  ghitn  the  Angle  at  A  68^ .  30^,  and  the 
Jngle  tf/  C  57  * .  x6%  tefind  ^e  Ifypetbenufe  A  C. 


B 


CanJImaien.  With  the  Chord  of 
do"",  draw  the  Cirde  £  C  F  D ; 
and,  thro'  the  Pole  or  Center, 
draw  the  right  Circle  C  D,  at 
Pleafure,  and  crois  it  at  right 
Angles  with  the  right  Circle  C  F ;  E 
bv  Prob.  48,  draw  an  oblique 
Circle,  CAD,  to  make  an  Angle 
of  57^  •  x6^,  with  the  primitive 
Circle,  at  the  Point  C  ;  by  Prob» 
40,  find^,  the  Pole  of  the  oblique 
Circle  CAD;   a  Ruler,    being 

laid  from  C  to  ^,  will  cut  the  primitive  Circle  in  /  ;  on  the 
primitive  Circle,  from  s  to  ju  fet  68^  •  30^",  the  given  Angle 
at  A )  then  draw  the  right  Circle  q  r,  perpendicular  to  which 
draw  the  right  Circle  B  G,  interfeding  the  oblique  Circle 
CAD  in  A,  making  an  Angle^  C  A  B,  of  68^-30^,  and 
A  B  C  is  the  Triangle  required. 


N  n  2 


The 
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TJm  throt  Farts  lying  together^  this  k  aa  Extnmg  ciHfimSf 
and  the  Hjqpolfaniuft  A  C  ii  the  midiUB  Part;  thcrcfere,  by 
tlia  fiiA  K«k»  ana  Us  Nhi^ 

At  the  Radius        — *— —  ■•         lo. 


I»  t»  tb»  Co- tangent  of  B  A  C,  68  °  •  30% '    —       9. 595398 
So  b  the  Co-tangeM of  B C  A,  sr^'.^j        -"     91^0808] 


■i^wp»«f»«^^^^ 


of  the  middle  Part  AC,  75 • .  ao',    9403481 
The^HjEfotheiiufe  A  C  may  be  meafured  by  Prob.  46. 

Frok  79..  Jbi  the  rigbp'angted  fphtrical  Trkti^li  ABC, 
right-angled  at  B,,  given  the  Angle  at  A  (68**.  30',  and  tbt 
jfngle  tff  C  57^ .  iV,  tajlnd  one  if  the  ifgty  as  tbt  A^  AB. 

The  Conftru£lion  is  the  fame  as  ia  the  laft  Prohbiu  Soi  the 
Figure  there. 

The  Hypotheflufe  A  C  lying  between  the  given  AngkSf  it 
is.  Tin,  E^r49H  disfunff^  and  the  B9&1  A  B  a^  oxr  oiF  thi  b- 
tufmm ;.  thertfortiL  by;  tho  {<mth  Kuk^  ai«i  ita  Abf/^. 

As  the  Sine  of  the  Extreme  BAC,  68^  3d*,  Co.  Ato.oypt 

ts  to  the  Radius^        — *- — **-^  ■        |0« 

So  IS  the  Co-fifie  ot  the  middle  ^r%  BQA^  57  <^.  i^^  VfW^ 

To  tife  Co-fine  of  the  Bafe  A  Bi  S^fa'' .  29%      ^^     9^;i43i^ 
ThcBafe  A  B-.maf  be  meafured  by:  Prqjb..43,  Cale.2U 


If  the  Perpendicular  B  C  had  been,  re^ired^  i£  vould 
have  been  an  Extreme  disjur^^ ;  but  tbe  Angle  at  A  wouU 
then  have  been  tbe  middle  Part^  andi  the  Pecpendkulat  mi^ 
be  found  by  tbo  fourth  Rule,  and;  it»  Abtf/i;  tbuB,. . 

Aa  the  Sine  of  the  Extreme  BCA,  57^.  x6%  C04  hu  0.07S102 

Is  to  the  Radius,        ■  »  ■  ■  ^         to. 

Sp  is  theCo-fine  of  the  middle  Part,  BAC,  bi'^.yij  9*564075 

To  the  Co-fine  of  the  Perpendicular  BC,  64^.10%  9.639177 


Of   : 


A 


^ 


(   «77  ) 

Of  Oblique  Spherical  Trigommefry, 

The  two  firft  Cafes  of  oblique-angled  fpberical  Triangles 
are  folved  by  this  Axiom :  The  Sines  rfthe  Sides  rf  alt  fpberical 
Triangles  are  in  Propwtion  te  the  Sines  of  their  oppofite  jtngles. 

Pr^b*  8o«  In  the  oblique-angled  fpberical  Triangle  A  B  D^ 
given  tie  Angle  B  D  A  64® .  15%  the  Angle  BAD  59* .  47', 
and  tl^  Side  B  D  47^  .  21%  oppojite  to  one  of  the  given  Angles^ 
to  find  the  SieU  B  A^  oppofite  the  other  given  Angle. 

ConJhuSien.  With  die  Chord 
of  6q^,  dcfiacibe  the  prunithre 
Circle  A£ F D ;  at  any  Point, 
as  D^  oC  the  Periphery,  by  Prob. 
48,  draw  the  oblique  Circfe  D£, 
£>  as  to  voBk»  aft  Angle*  with 
the.  primitive  Girck,  at  D^  of 
64**  *  15%  and  lay  47^  .  %i 
on  this  ttblique  Qrde^  fay  Probu 

g^  fionk  D  to  B>  thro*  B,  by 
ob.4^^  dcawaa  oblique  Circle^ 
ACE^to  make aa Angle,  OAB^ 
of  59^.47 '^  with  the  primitive 
Cisde»  aJidfbrm  the  oblique  Triang^  A  B IX 

Here  being  gjvoa  the  An^  at  A,  oppofite  the  gjivea  Side 
fi  D,  and  the  Angle  at  C,  oppofite  the  »quired  Side  B  A,  this* 
may  be  found  by  the  following  Proportion,  founded  on  the 
ahiveAxiona; 

As  the  Sine  of  B  AD,  59^ .  47%  —  Co.  Ar.  0.06.3422 
Is  to  the  Sine  of  the  oppofite  Side  B  D,  47  "^ .  %i\  9.866586 
So. is  the  Sine  of  BD  A,  64° .  15',  ■■        9-954579 


oppofite 


9.884587 


The  Side  A  B,  being  Fart  of  the  oblique  Circle  A  B  F,  may 
be  meafured  by  Prob*  46. 

Probi  81.  In  the  oblique'^  angled  fpberical  Triangle  A  B  D, 
given  the  Side  A  D  74*  .  20%  the  Side  A  B  65"* .  34',  and  the 
Angle  at  D  59** .  50',  to  find  the  Angle  at  B. 

ConftmSfien.  With  the  Chord  of  60^,  defcribe  the  primitive 
Ciide  H  D  A I ;    on  which  lay  74^ .  20^^  from  any  Point 

afliimed 
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aflumed,  as  A,  to  D,  and  draw 
the  right  Ciicles  D  C  1  and 
A  C  H  i  at  the  Point  D,  by 
Problem  48,  draw  an  oblique 
Circle,  D  B  I,  fo  that  it  may 
make  an   Angle,    IDA,    of 

59^  •  50'  ^'^^  ^^^  primitive 
Circle  ;  take  65^  .  34'  from 
the  Line  of  Chords,  and  fet 
ftom  A,  both  Ways,  to  b  and 
r ;  by  Prob.  42,  Cafe  2,  Jay 
65^  •  34^  from  A  to  tf,  on  the 
right  Circle  A  C  H ;  thro'  the  three  Points  £,  tf ,  and  r,  by 
Prob.  17,  draw  the  parallel  (Circle  b  a  c^  interfering  the 
oblique  Circle  D I  in  B }  laftly,  by  Prob;  I7,  draw  an  obiique 
Circle  thro'  the  Points  Hy  B»  and  A,  and  the  Triangle  ABD 
.  is  the  Triangle  required. 

But  here  it  is  to  be  obferved,  that  the  parallel  Circle  bac  cuti 
the  oblique  Cirde  D  I  10  two  Places,  viz,  in  B  and  j,  whence 
the  Cafe  is  ambiguous  ;  for  it  can't  be  determined  whether  the 
Triangle  A  B  D  or  the  Triangle ,AsD  be  the  true  Solution, 
fince  the  Side  A  i  is  65^  •  34^  as  well  as  the  Side  A  B,  as  may 
be  found  by  meafuring  them,  as  taught  in  Prob,  46  ;  and  this 
is  always  the  Cafe  when  the  Side  oppofite  the  given  Angle  is 
lefs  than  the  other  given  Side. 

In  the  oblique-angled  Triangle  ABD,  we  have  the  Side 
A  B  oppofite  the  given  Angle  at  D,  and  the  Side  A  D  oppofite 
the  required  Angle  at  B ;  therefore. 

As  the  Sine  of  the  Side  A  B,  65°  •  34%  Co.  Ar^  o.'040747 
Is  to  the  Sine  of  the  oppofite  Angle  A  DB,  59 ..  50',  9*936799 
So  is  the  Sine  of  the  Side  A  D,  74^ .  20',        —      9-983558 

To  the  Sine  of  its  oppofite  Angle  ABD,  66** .  7',    9.961 104 

The  Angle  at  fi,  being  made  by  the  Interfedion  of  the  two 
oblique  Circles  H  B  A  and  D  B  I,  may  be  meafured  by 
Prob.  56. 

Prob.  82.  /«  the  oblique-angled  fpberical  Triangle  ABD, 
given  the  Side  A  D  45*^.36%  the  Side  A  B  48^.50',  and 
the  included  Angle  at  A  54^  •  19'',  to  find  the  Side  D  B. 

Conftru£lion^  With  the  Chord  of  60^,  draw  the  primitive 
Circle  A  D  £  F ;   from  any  Point  aflumed,   as  A,    fet  off 

I  .         45' .  36' 
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45*  •  36'  to  D,  and  draw  D  F 
9XiA  A  £  ;  by  Prob.  48,  draw  an 
obliaue  Circle,  E  B  A,  to  make 
an- Angle  of  54^.19^'  with  the 
primitive  Circle,  in  the  Point  A ; 
and,  by  Prob.  45,  lay  48°.  50^ 
on  this  oblique  Circle,  from  A  to 
B  5  laftly,  thro*  the  Points  D,  B, 
and  F,  by  Prob.  17,  draw  the 
oblique  Circle  D  B  F,  and  the 
Triangle  A  B  D  will  be  the  Tri- 
angle  required. 

In  order  to  folve  this  Problem,  and  moft  of  the  following 
Cafes,  it  is  neceflary  to  let  fall  a  Perpendicular,  which  muft 
always  fell  from  the  End  of  a  given  Side  oppeftte  to  a  given 
Angle.  The  Side  on  which  the  Perpendicular  falls  is  ufually 
called  the  Bafe':  And,  if  the  Angles  at  the  Bafe  are,  either 
both  more,  or  both  lefs,  than  90^,  the  Perpendicular  will 
fall  within  the  Triangle,  and  divide  it  into  two  right-angled 
Triangles:  But,  if  one  of  the  Angles  of  the  Bale  is  lefs  than 
90'^,  and  the  other  greater,  the  Perpendicular  will  f^Il  without 
the  Triangle,  and,  by  that  Means,  add  a  right-angled  Triangle 
to  the  given  oblique  Triangle :  In  both  Cafes,  the  Parts  may 
be  found  by  the  Rules  laid  down  in  the  feveral  Cafes  0/ 
right-angled  fpherical  Triangles,  from  Prob.  64  to  Prob.  79, 
incluilve. 

In  the  prefent  Cafe,  a  Perpendicular,  being  let  fall  from  D 
on  the  Bafe  A  B,  will  divide  the  Triangle  A  B  D  into  two 
right-angled  Triangles,  ADG  andBDG,  both  right-angled 
at  G.  To  do  this,  find  /,  the  Pole  of  the  oblique  Circle 
EBA;  then,  by  Prob.  17,  draw  the  oblique  Circle  D/F, 
which  fells  from  D,  the  End  of  the  given  Side  A  D,  oppoTite 
the  given  Angle  at  A,  and  is  perpendicular  to  £  B  A,  the 
Circle  on. which  it  is  to  fall,  becaufe  it  pafTes  chro'  its  Pole^. 

Now,  in  the  right-angled  Triangle  ADG,  we  have  the 
Side  A  D  45^  .  36  ,  and  the  Angle  at  A  54"^ .  19',  to  find  the 
Perpendicular  D  G  \  and,  the  Angle  ADG  lying  between 
the  given  Side  A  D  and  the  required  Side  D  G,  it  is  an 
J^xtrems  disjunffj  and  D  G  is  the  middle  Part  i  whence,  by 
the  third  Rule^  and  its  Natey 

As 


280  MAtHEMATICS. 

As  the  Radius  '  ■  *■  io« 


Is  to  the  Co-fine  of  A  D,  4s» .  36',          —        9.844889 
So  18  the  Sine  of  DAG,  5  4"".  19', 9.909691 

To  the  Sine  of  D  G,  34^ .  38%         >  9-7S4S8l 

To  find  the  Side  A  G  in  the  fame  Triangle  A  D  G  ;  the 
fame  Things  being  given,  it  is  an  Extreme  conjun&^-  and  the 
Side  A  G  is  one  of  the  Extremes  i  whence,  by  the  fecond 
Rule,  and  its  Ncte^ 

As  the  Co-tangent  of  AD,  45"*.  36',    —    Co.  An  0,009097 

'  .  Is  to  the  Radius,        •  ■  '^'  ^  o  c 

So  is  the  Co-fine  of  D  A  G,  54^  •  19',        -'—      9-76s»96 

To  the  Tangent  of  A  G,  30^  .13',  — —         9*774993 

Then  fubtrad  A  G  30^  13'  from  A  B  48** .  50%  and  the 
Remainder  is  B  G  18°  •  37'  :  Then,  to  find  the  Hypothcnnfc 
D  B,  in  the  right-angled  Triangle  B  D  G,  we  have  the  Per- 
pendicular  D  G  34** .  38' ,  found  by  the  firft  Proportion,  and 
the  Side  B  G,  by  the  laft :  Now,  the  Angle  at  B  lying  be- 
tween B  G  and  B  D^  it  ft  an  Extreme  disjun^^  and  the 
Hypothenufe  B  D,  the  middle  Part,  is  required  j  therefore, 
by  the  third  Rule,  and  its  Note^ 

As  the  Radius         —  '   ■     '  ■*  *o» 


Is  to  the  Co-fine  of  D  G,  34'' .  38' ,          —        9*915^7 
So  13  the  Co-fine  of  B  G,  18^37',  9.9766^ 

To  the  Co-fine  of  D  B,  39^  .  4/ ,  '       9-891957 

The  Side  D  B,  being  Part  of  the  oblique  Circle  DBF, 
may  be  meafured  by  Prob,  46. 

A  Perpendicular  might  have  been  let  fall  from  the  angukr 
Point  to  the  Side  A  D,  by  drawing  a  right  Circle  thro*  the 
Pole  of  the  primitive  Circle,  as  the  Side  A  D,  on  whidi  k 
would  fall,  is  a  Part  of  the  primitive  Circle :  Bv  this  Mes»s, 
the  Side  P  B  might  have  been  found  in  the  fiime  Mamitf. 

m 

Prob. 
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Prob.  53.  In  thi  oHifUi'angled  fpherical  Triangle  A  E  F, 
Hivtn  thi  Side  A  E  72° .  3+',  the  Side  A  F  53** .  12',  and  tbf 
included  Angle  aP  h.  ^rj^ .  32' ,  /^y^^^  the  Angle  at  £• 

There  being  the  (ame  Tfainp  given  as  in  tlie  laft  Protleoi^ 
the  ConftruAion  is  the  (ame. 

If  a  Perpendicular  is  let  fall 
from  the  angular  Point  at  F, 
on  the  Side  A£,  -which  ia  done 
by  drawing  a  right  Circle  thro' 
C,   the  Pole  of  the  primitive 
Circle,  and  F,    then  wtU  the   xi 
oblique  Triangle  EFA  be  di*    ^ 
vided   into    two    right-angled 
Triangles,  A  F  H  and  £  F  H, 
l>oth  right-angled  at  H :  In  the 
Triangle  A  F  H  there  is  given 
the  Hypothenufe  AP  SS'^-i^' , 
and  the  Angle  at  A  47**  •  32  ,  to  find  the  Pcrpendicubr  F 11^ 

Tlie  Angle  AFH  lying  betuwen  the  ghren  Part  AF  and 
the  required  Part  FH,  it  is  an  Extreme  disjun^^  and  the  Pa> 
pendicular  F  H  is  the  middle  Part ;  therefore,  by  the  third 
J(ule,  and  its  Npte^ 

• 
As  the  Radius  ■  ■■■  icu 


^«M««l 


Is  to  the  Sine  of  AF,  53*.  12',         — -  9*903487 

So  is  the  Sine  of  F  AH,  47*^.32',  — *  9*867$62    * 


* 


To  the  Sine  of  the  middle  Part  F  H^  36^  •  ia%         9*771349 

To  find  the  Side  A  H,  the  (ame  Parts  being  ftill  given  as  in 
the  laft  Calculation,  it  is  now  an  Extreme  conjunSt^  and  A  H^ 
one  of  the  Extremes,  is  required ;  hf  the  iecond  Jt.ule,  and 
its  Nete^ 


As  the 

,0 


Co.  tangent  of  the  Hypothcnufc  AF,  \q^^^^  0,126043 

53^ -la,        — —         3  V 

(s  to  the  Radius,  ■    ■  ■  !©• 

So  is  the  Co-iiAe  of  the  middle  Part  FAH,  47"^.  32%  9.829407 


«>iii"i         I  I     ■   "UK 


To  the  Tangent  of  A  H,  42'' .  4%  ■       9.9554^0 

O  0  WbiOi 
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.  Which  being  fiibtra£led  from  A  E  72"* .  34%  there  remains 
H  E  30® .  30' ;  therefore,  in  the  right-angW  Triangle  E  F  H, 
we  .have  given  the  Side  FH  36*^.12',  and  the  Side  HE 
30^.30%  to  find  the  Angle  atE;  which  is  an  Extreme  csn^ 
^jun^y  and  the  Angle  at  E,  being  one  of  the  Extremes^  is  found 
by  the  fecond  Rule,  and  its  NoU  : 

As  the  Tangent  of  FH,  36**.  12%      —      Co.  Ar, 0.135555 

Is  to  the  Radius,        — —  ■  10. 

So  is  the  Sine  of  the  middle  Part  HE,  30^  •  30^,         9.70469 

To  the  Co*tangent  of  the  Angle  at  £,  55"^ .  15^,      9.841024 

The  Angle  at  £»  being  made  at  the  Periphery  of  the  pri- 
mitive .Circle  by  the  oblique  Circle  DFE,  may  be  meafiucd 
by  Prob-  54* 

Prob.  84.  In  tbi  obliqui  fphtrtcal  Triangle  R  S  T,  giwn 
the  Angle  at  R  82** .  19  ,  the  Angle  at  T  59® .  lo',  and  the 
Side  T  S,  oppofite  one  of  the  given  Angles^  69** .  18',  to  find 
the  third  Angle  atS. 

The  fame  Parts  being  gi^nn  here  as  in  Prob,  80,  the  Con- 
'ftruAion  will  be  the  fame. 

And,  if  a  Perpendicular  is  let 
fall  from  either  End  of  the  given 
Side  TS,  as  S,  on  the  oppofite 
Side  T  R,  which  Perpendicular 

will  be  a  right  Cirele,  drawn        /  0/         \€L' 

thro*  the  Pole  of  the  primitive   ^  {^^.-^ —     '     ,  -7  '  "^--^ tj 
Circle  and  the  Angle  at  S,  the  M.|  ^"  '  '^ 

oblique  Triangle  R  S  T  will  be 
divided  into  two  right-angled 
Triangles,  T  S  ^  and  R  S  u, 
both  right-angled  at  a :  In  the 
Triangle  T  S  ^,  there  is  given 
the  Side  T  S,  and  the  Angle  at 

T,  to  find  the  Side  S  a ;  therefore  it  is  an  Extreme  diijn»Qy 
and  the  Side  S  a^  which  is  the  middle  Part,  is  found  by  the 
third  Rule,  ind  its  Note : 

As  the  Radius  ■  ' 


10. 


Is  to  the  Sine  o*f  T  S,  69** .  18' , 
So  is  the  Sine  of  S  T  i7,  59^ .  lo' , 


To  the  Sine  of  the  middle  Part  S  47,  53^ .  26% 


9.97 1018 
9.933821 

9.904840 
Tq 


Sfbericd  Trigonoinetry.  at^ 

%  To  And  the  Angle  TSj:  In  the  fame  Triangle  T  Sir,  we 
have  given  the  fame  P^ts  as  before,  to  find  the  Angle  T  S  n ; 
which  is  an  Extnmi  conjun^,  and  the  Angle  at  S  is  one  of 
the  Extremes ;  therefore,  by  the  fecond  Rule,  and  its  Note^ 

As  the  Co- tangent  of  S  T  tf,  59' 
Is  to  the  Radius, 


ID 


Co.  Ar.  0.224092 
10. 
So  b  the  Sine  of  the  middle  Part  T  S,  69^ .  1 8^,         9*54^359 


To  the  Co-tangent  of  T  S  j,  59® .  22%         —        9.772451 

Having  found  the  Angle  TS47,  we  are  next  to  find  the 
Angle  R  S  tf,  the  other  Part  of  the  required  Angle  R  S  T ;  to 
And  which,  we  have,  in  the  Triangle  R  S  ir,  right-angled  at  a^ 
given  the  Side  S  «,  before  found,  and  the  given  Angle  T  R  S^ 
or,  which  is  the  fame,  the  Angle  ^  R  S  j  which  is  an  Extnmt 
disjun£fy  and,  the  Angle  at  R  being  the  middle  Part,  the 
Angle  T  S  a,  which  is  to  be  found,  is  one  of  the  Extremes  ^ 
therefore,  by  the  fourth  Rule,  and  its  Nottj 

As  the  Co-fine  of  S  tf,  53** .  %f>\        —      Co.  Ar.  0.224930 

Is  to  the  Radius,         —  »— — —  10. 

So  is  the  Co-fine  of  aK  S,  82^  .  19%        — — *        9.126125 


the  Sine  of  R  S  tf ,  12''.  58', 


9-35"ss 


•  To  this  adding  the  Angle  T  S^,  found  before,  it  makes  the 
Angle  T  S  R  72^ !  20',  which,  being  made  by  the  Interfedion 
of  two  oblique  Circles,  may  be  meafured  by  Prob.  56,  Cafe  2. 

Prob.  85.  /«  the  ohiique-angUi  fpbirkal  TriangU  A  D  B, 
given  the  Side  A  D  79°  .  25%  the  Side  A  B  72** .  36%  and  the 
JngU  at  B  54** .  29  ,  to  find  the  thiid  Side  D  B. 

The  fame  Parts  being  given  here 
as  in  Prob.  81,  the  ConftruSion 
will  be  the  fame.  And,  to  let  fiiU 
a  Perpendicular  from  the  Angle  at 
A,  on  the  Side  B  D,  find  ^  the 
Pole  of  the  Circle  B  D  £ ;  then, 
thro'  the  three  Points  F,^,  A»  draw 
the  oblique  Circle  F^A,  which 
will  be  perpendicular  to  the  oblique 
Circle  B  D  £,  and  divide  the  Tri- 
angle BAD  into  two  right-angled 
Triangles,  A  ^  B  and  A  <i  D,  both  right-angled  at  a :  lo  the 

O  o  2  Triangle 
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Triai^  A  tf  B,  there  is  given  the  Side  A  B,  and  tb^  AQglf 
at  B,  to  find  the  Perpendicular  A  a  \  fHiich  being  fepnraced  ^ 
from  the  two  other  Parts,  it  is  an  Extnme  itsjunHj  and* the 
Part  required  is  the  middle  Part ;  therefore,  by  the  third  Rufe, 

and  its  Noie^ 

As  the  Radius        — —  — , — --  xo* 


Js-to-  the  Sine  of  the  Hypothenufe  A  B,  72^  •  36^,      9*979^s8 
So  is^  the  Sine  of  «  B  A^  54>*. .  29,         .  — —  9.910596 

To  the  Sine  of  the  middle  Part  a  A,  50* .  58',  9*890254 

To  find  B  a :    With  the  &me  Parts  given,  the  P^rt  of  the 

*  Bafti  i  B  may  be  found,  (hb  being  an  Extreme  conjunG^  and 
the  reotited  Side  is  one  of  the  Extremes  1  therefore,  by  the 
fccond  Rule,  and  its  Note^ 

As  the  Co-tangent  of  A  B,  72^ .  i()\  Co.  An  0.4.95146 

Is  to  the  Radius,  —  ■  10. 

So  Is  the  Co-fine  of  the  middle  Part  ^  BA,  54.**.  29'',  9764131 

To  the  Tangent  of  j  B,  61* .  10'',        — — •  io.r$q%Tj 

.  In  the  right.2ing]ed  Triangle  A  «  D,  we  have  given  ^ 
Hypothenufe  A  D,  and  the  Perpendicular  a  A,  founid  before, 
to  find  a  D,  the  other  Part  of  the  required  Side  B  D,  Which  is 
an  Extreme  disjunH^  and  the  required  Side  is  one  of  the  Ex- 
tremes ;  therefore,  by  the  fourth  Rule,  and  its  Note, 

As  th^  Co-fine  of  A  *,  50 .  58% Co.  Ar,  0.200S16 

b  to  ihc  Radios,  ■    ■  ■    '■    '  ■'  10. 

So  is  the  Co- fine  of  A  D,  79^  •  25%         — *—         9.264017 

To  the  Co^iine  of  a  D,  73* .  2",  — -  9*4^4843 

This,  bcibg  added  to  ^  B  6t*^.xd*,  before  found,  is 
x34^.ijt%  the  Side  B  D,  fought,  which  may  be  meafur^ 
by  Probr  46. 

Prob*  86.  In  the  ehlifue-angJ^  fpherkal  Triangle  D  E  F, 
giveh  the  Sidi  D  E  79^  .  56%  the  Side  E  F  66^  .  29%  end  the 
Angle  atDb2^.  40',  to^nd  the  Ar^le  at  E. 

Cenftruaiim.  With  the  Chord  of  60^ >  d^fcribe  the  primhifc 
Girtle  ASDBi  draw  a  right  Circle^  AD,  at  PMiire; 

iroBi 


^rotn  D  1^7  79^  •  56'  to  £,  and 
draw  the  right  Circle  £  B, 
which  crofs  at  right  Angles 
with  the  right  Circle  x  / ;  hy 
Prob.  48,  draw  tbrT>1$lique 
Ctfde  A  F  D,  to  make  an 
Ar^le  of  62** .  40^  at  the  Point 
Dj  bjr  Prob.  61,  draw  the 
pawflc!  Cirde  b? c  23"*.  31', 
Che  Complement  of  £  F,  diftant 
from  s  r,    interfering  A  F  D  ^^^ 

in  F;    laftly,  thrb'  the  three  ** 

Points  E,  F,  B,  by  Prob.  17,  draw  the  oblique  Circle  E  F  B, 
which  forms  the  required  Triangle  DE  F.  Draw  an  oblique 
Circle  from  the  Angle  at  £,  thro'  p^  the  Pole  of  A  F  D>  to  fi, 
which  will  be  perpendicular  to  A  F  D,  and  fall  without  the 
Triangle  on  the  Bafe  D  F^produced  at  the  Point  a ;  by  which 
is  foviui'  ibb  right-angled  TViangie  a  £  D,  right-anglecf  at  ai 
in  which  is  gtveii  the  Side  D  £,  ^d  (be.  Angle  at  D,  to  find 
the  Perpendicular  a  E  :  This  is  an  Extreme  disjunSf^  and 
tf  E  is  the  middle  Part  s  therefore,  by  the  third  Rule,  and 
its  Niu^ 

As  the  Radius  ■  — .*— —         jo. 


Is  to  the  €Hie  of  the-Hypothcnufe  E  D,  79® .  56',     9*993262 
So  is  the  Sine  of  ^  D  E,  62® .  40',  ■  9*948584 

To  the  Sine  of  the  middle  Part  a  E,  61  ^,       —        9.941846 

The  fame  Parts  being  given,  in  the  fame  right-angled  Tri- 
angle JS  tf  P,  n>  find  the  Angle  ^  E  D,  will  be  an  Extreme 
S0i^un^j  and  the  required  Angle  at  E  is  one  of  the  Extreoies; 
therefore,  by  the  fecond  Rule,  and  its  Nete^ 

As  the  Oo^tangent  of  ^  D  E,  62'' .  40%       Co.  Ar.  0.286614 

Is  to  the  Radius,         ■  '  10. 

So  is  the  Co-fine  of  the  middle  Part  £  D,  79** .  56',  9.242526 

To  the  Co-tangent  of  ^  £  D,  7 1  ® .  ig^t        r—        9-53^9130 

Having  found  the  Angle  tf  £  D,  to  find  the  Angle  ^  E  F, 
in  the  Triangle  £  ^  F,  right-angled  at  a^  given  the  Hypo.- 
tbenctfe   £F  66^,99%    and  the   Perpendicular  aE  61*^ 

before 
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before  found  ;  whence  this  is  an  Extremg  conjunHy  and  the 
middle  Part  is  required  ;  therefore,  by  the  nrft  Rule,  and 
its  Nottj 

m 

As  the  Radius        ■  ■ 


10. 


Is  to  the  Co- tangent  of  E  F,  66®  .  29',         — 
So  is  the  Tangent  of  ^  E,  61**,  r- 


9.638647 
10.256248 

9-894^5 


I 

To  the  Co-fine  of  a  E  F,  38® .  17% 

This,  being  fubtracled  from  the  Angle  ^£  D,  before  foood, 
leaves  the  required  Angle  FED  33® .  2' ;  which,  bciBg  made 
at  the  Periphery  of  the  primitive  Circle  by  the  oUique  Ciide 
£  F  B,  may  be  meafured  by  Prob.  54. 

Prob.  82.  In  tbi  obUqui^at^hd  ffhirital  Triangle  B  D  £| 
given  the  Side  BD  35°.  27',  the  Side  BE  82**.io',  tf^* 
the  Angle  tf/  D  79"" .  44%  to  find  tie  third  SieU  £  D. 

The  fame  Parts  being  given 
as  in  Prob.  81,  the  Conftru£lion 
of  the  Triangle  E  B  D  is  the 
fame.  And,  to  let  fall  a  Per* 
pendicular  from  the  Angle  at  B, 
on  the  Side  DE,  find^,  the 
Pole  of  the  oblique  Circle  BE  A ; 
then,  thro'  the  three  Points  A, 
fy  B,  draw,  by  Prob.  17,  the 
oblique  Circle  A^FB,  which 
will  be  perpendicular  to  D  E  C, 
and  divide  the  Triangle  B  D  E 
into  two  right-angled  Triangles,  E  B  F  and  BDF,  bo* 
right-angled  at  F :  In  the  Triangle  DBF,  is  given  the  Sidi 
B  D,  and  the  Angle  at  D,  to  find  the  Perpendicular  B  F ; 
which,  being  an  Extreme  disjun^^  and  the  required  Part  B  F 
being  the  middle  Part,  may  be  found  by  the  third  Rule,  and 
its  Netey 

As  the  Radius        ■>  ■  10. 


Is  to  the  Sine  of  the  Hypothenufe  B  D,  35*" .  27',      9.7634^ 
So  is  the  Sine  of  B  D  F,  79^ .  44%         9.<^^ 

To  the  Sine  of  the  middle  Part,  B  F,  34^ .  48% 


'    Spbmcal  Trigonmetry.  287 

And^  in  the  fame  Triangle,  from  the  fame  Parts  given,  to 
find  the  Side  D  F,  will  be  an  Extreme  conjun^^  and  D  F,  the 
Part  required,  is  one  of  the  Extremes  s.  therefore,  by  the 
fecond  Rvile,  and  its  ^0//, 

As  the  Co-tangent  of  B  D,  35** .  27',         —        10.147534 


Is  to  the  Radius,  ■ 

So  is  the  Co-Qne  of  B  D  F,  79*^ .  44% 

To  the  Tangent  of  D  E,  7  ^ .  14% 


10.  ' 
9.250980 

9.103446 


Now,  in  the  Triangle  B  F  E,  right-kngled  at  F,  having 
found  B  F,  and  the  Side  B  E  being  given,  the  Side  £  F  may 
be  found  by  the  fourth  Rule,  and  its  Note^  fince  it  is  an 
Extremi  disjunffy  and  E  F  is  one  of  the  Extremes  \  therefore. 


Co.  Ar.' 0.08557  8^ 

—  10. 

—  9.1J4470 


As  the  Co-fine  of  B  F,  34** .  48',     — 
Is'  to  the  Radius,  ■ 

So  is  the  Co-fine  of  BE,  82* .  io% 

To  the  Co- fine  of  E  F,  8o* .  26',  «        9.220048 

ThenDF  and  FE,  being  added  together,  make  87^.40'' 
for  the  requii;ed  Side  E  D  ;  which,  being  a  Part  of  an  oblique 
Circle,  may  be  meafured  by  Prob.  46. 

Prob.  88.  In  the  ohlique-angled  fpherical  TriangU  R  S  T» 
given  tie  Angle  at  R  73° .  42%  the  JngU  at  S  45^ .  36',  and 
tbi  Side  R  S  52^ .  28%  io  find  an  eppofite  Side,  as  S  T. 

C^r«r^/W.  With  the  Chord 
of  60^,  draw  the  primitive 
Circle  P  Q^  R  S  ;  from  any 
Point,  as  S,  fet  ofF  52° .  28' 
from  S  to  R  ;  then,  by  Prob. 
489  draw  an  oblique  Circle, 
R  T  P,  to  make  an  Angle  at 
R  of  73** .  42'  J  and,  by  the 
£ime  Problem,  draw  another 
oUique  Circle,  Q^T  S,  to 
make  an  Angle  at  S  of  45^.36'', 
interfering  the  former  oblique 

-Circle  in  T,  and  thereby  forming  the  Triangle  T  R  S.     To 
let  fall  a  Perpendicular  from  the  Angle  at  R,  on  the  Side  S  T, 

•  find 


.V. 


'^ 


% 
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find  /,  the  Pole  of  the  oblique  Circle ;  then,  thro^  the  three 
Points  R,  *,  P,  draw,  by  Prob.  17,  the  oblique  Circle  R^P, 
which  will  be  perpendicular  to  Q^T  S,  and  divide  the  Triangle 
R S T  into  two  right-angled  Triangles,  aKT  and  it R S,  both 
right«anglcd  at  a  <■  In  the  Triangle  R  S^,  giv«Q  the  Side  R  S, 
and  the  Au^e  at  S,  to  find  the  Perpendicular  a  R  \  which, 
being  an  Extnmt  disjun^fy  and  the  Side  n  R  the  middle  Part, 
may  be  found  by  the  third  Rule,  and  its  NoU  : 

As  the  Radius  *  >  % io« 


f  

b  to  the  Sine  of  the  Hypothtnufe  R  S^  52^  •  7%\      9.899273 

So  is  the  Sine  of  #  ST,  45* .  36^  9  853986 

To  the  Sine  of  the  middle  Part  a  R,  34"^  .31%  9753259 

In  the  fame  Triangle,  the  fame  Pafts  being  given,  the  Side 
s  S  may  be  found  by  the  fecond  Rule,  and  its  Nou^  fince  it  a 
an  Extrwme  conjunSij  and  the  required  Side  tf  S  is  one  of  th( 
Extremes ;  therefore,     . 

As  the  Co-tahgent  of  R  S^  52^  •  28^,    «-«    Co.  Ar.  o.  1 14496 

Is  to  the  Radius,        «  ■  10. 

So  is  the  Co-fine  of  the  middle  Part  aSR,  45'' .  36%  9.844889 

To  the  Tangent  of  n  S,  42® .  iq'j  '  9-959385 

In  the  fame  Tfiangle,  given  the  Side  RS,  oppofite  the  light 
Angfe  at  ^,  and  the  Side  a  S,  found  by  the  laft  Proportion, 
oppofite  the  Angle  <7  R  6,  the  next  Part  10  be  found  \  tiiii  nay 
be  obtained  by  the  general  Axiom ;  thin. 

As  the  Sine  of  R  S,  52° .  28',        — —       'Co.  Ar.  0*100727 

Is  to  the  Radius,         — -— ^—  ■  10. 

So  is  the  Sine  of  ^?S,  42** .  19',  ■  9«8a8i6» 

Tothe  Sine  of  cRS,  58^.6%  9.928889 


there 


This  being  taken  from  the  given  Angle  TRS  73** -41^% 
«.ere  remains  15^.36',  for  the  Angle  TR^;  therefore,  in 
tlie  right-angled  Triangle  ^  R  T,  we  have  the  Angle  T,R  « 
^S^  •  3^%  and  the  Side  a  R  34*^ .  31' ,  to  find  the  Side  a  T  j 
inrhich  lying  together,   with  nothing  betwixt  them  but  the 

right 


right  Angle,   it  .is  an  Extnme  cmjunit^   and  f?  J*  is  one  of 
the  Extremes  ;  therefore,  by  the  fecond  Rule,  and  its  Note, 

As  the €o- tangent  of  TRtf,  15*^.36',     -^         10.554077 

•  •  • 

is  to  the  Radius,        — —         10. 

^  is  the  Sine  of  a  R,  34^  •  3^%  the  middle  Part,   ,  9*753312 

To  thcTapgent  of  «  T,  8^ .  59', ^       9- 1^9255 

Which  being  added  io  the  Side  S«  42^  •  19^,  b^^e  found, 
makeB  51* .  18  ,  the  Sid«  T  S,  required. 

Prob.  89*  In  the  Mtqut-angUi  fiherical  Trianglg  D  E  F, 
givin  the  Angle  afU  63^  •  45' ,  tbe  Angle  at  E  71^  •  49'  ^  tmi 
tke  Side  D£  %(>"* .  25%  to  find  the  third  jfngU  Mt  F. 


The  iaine  Barto  beiiig  givc^n 
^»  in-tfae  laft  Probkm,  the 
.Cop  ftruAipn  is  .the  fame.    The 
Perpendictilar  E  i  B,  being  kt 
£dl  'from  -the  Angle  at  £,  on 
A  F  D,  as  io  the  Uft. Probkm,    x{ 
wiU  iattriea  the  BaTe  F  D,  "^j 
produced  in  by  making  the  two 
right -anzkd  Triang^  ^£D 
wl  *E J :    |#  (h^  TriaMlc 
iED,    given  the  Side  %% 
and  tlie  ftjigk.f  tt),  to  fifid  jfcie  / 
Perpendicukr  ^  £  S  whieh  is  an 
Bxtreme  dUsjuna^  and  the  Sidei^  £-  a  d»  middk^Sutj  fdicre- 

fore,  by  the  third  Ruk,  zndituNete^ 

.  I  t 

As  the  Radius        ■  '  >■     M   ■  *    Uc.  . 

It  to  the  Sine  of  the  Hypotheni^fe^E  D,  .86^  .25' ,     9*999^So 
So  is  the  Sine  of  ^  D  £»  63'' .  45' ,  n — r-*  9*952731 

4  -  f         •      • 

To  the  Sine  of  the  middk  Part  ^  E,  63.31%     --    9^51881 

And,  in  the  fame  Triangk,  .from  the  fa^^  Parlv  .givtn,  Jo 
find  the  Angk  t  £  D,  is  an  Ejctrew  cvn^un/^^  ^d  ibciWMtfd 
Aiigk  is  one  of  the  Extremes  i  therefore^  l>^.tfae  ffoind.tRykt 

Pp        .  A» 


i 


tZ9o 
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As  the  Co->tangenc  of  i  D  £,  63° .  45] , 
Is  to  the  Radius, 


Co.  Ar.  0.307015 

^0. 


So  b  the  Co-fine  of  the  middle  Part  £  D,  86"" .  25' ,  8.795881 

To  the  Co- tangent  of  ^  £  D»  8z° .  47' ,        —       9.102906 

«     •  -  , 

From  which  fubtraA  the  given  Angle  F  E  D  63^ .  45' ,  and 

the  Remainder  is  the  Angle  4EF  19**. 2'..  Then,  in  ibc 
Triangle  b  £  Vy  right-angled  at  b^  given  the  Side  i£,  and  the 
An^  ^  £  F,  to  find  the  Angle  ^F  £,  the  Supplemqit  of  dx 
required  Angle  D'  F  £  to  180^  ;  this  is  an  Extreme  Jhjwu&y 
and  the  Angle  ^F£  is  the  middle  Part  j  therefore,  by  the  third 
Rule,  and  its  NotCy 


Am  (he  Radius 


10. 


Is  to  the  Co-fine  of  b  £,  63^  .  31' , 
Sois  the  Sine  iDfi£F,  ig^'.aS* 


«M1 


9.6497*' 

9-S»337S 


To  the  Co-{tnc  of  the>niiddle  Part  *  F  E,  81* .  21',  9.163156 

This  tteift^^-Aibtrafted  from  180^,  the  Remaiader  u  the 
je<)uifed  Aogle  D  F  £  98"! .  39 ' ;  wfaicb^  hetng  n»de  by  die 
Interfcdion'  of  two  oblique  Cux:Ies  at  F,  may  te  mcafuied  by 
by^rob.  56,  Cafe  2.      . 


^•^.96.   In  the  cllifui^an^led  fpberical  Triangle  ABD, 
the  Sidi:h  B  74«> .  20%  the  Side  B  D  58* .  46',  ni  A 


Prob. 

ghen  the  ^_^ ,  .      

Side  A  D  47* .  38'i  to  find  an  Ahgky  as  the  Angle  dt  A. 

<knftfM0m*  With  the  Chord   ' 

of  60^,  draw  the  Circle  AB£F{ 

draw,    at  Pleafure,    the  right 

Cirdc  £  C  A  1-  ky  74** .  20' 

from  A  t»  'B,  and  draw  B  F  ; 

by  Prob.  61,  draw  a  Circle, 

aDby  at  47''.38'  diftant  from   £ 

A  ;  «lfo,  by  the  fame  Problem, 

drav7^Dr,  at  58^46'  diftant 

from  B,    which  will  interfedl 

the  former  in  D  %  laftly,  thro' 

the  Points  A,  D,  and  £,  by 

Prob,    17,    draw    the    oblique  . 

Circle  ED  Aj  and,  thro'  the  Points  B,  D,  «kI  E,  by w 

fiutf 
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/ame  Problem,  draw  the  oblique  Circle  B  D  F,  .which,  will 
complete  the  Triangle  A  B  D.       "'  *    ' 

Heire  being  no  given  Angle,   th^  Perpendicular  n^uft  be  leC 
fill  oppofite  to  the  required  Angle  at  A  ;  thcrcfoffr,  thro'  D," 
and  C,  the  Pole  of  the  primitive  Circle,  draw  the  right  Circle 
CD^,  which  will  be  perpendicular  to  the  primitive  Circle:. 
Make  ef  equal  to  A  #,  then  wilt  A  B  be  the  TSiiki  and  /B 
the  alternate  Bafe ;    to  find  which,  add  the  two  Sides  A  D 
and  B  D  n^ether,  and  take  the  HalJF  of  their  Sam ;  then  fuh* 
tni£i:  the  leffler  Side  A  D  from  the  greater  Side  B  D,  and  take 
Half  the  DifFertoce ;  alfo  take  Half  the  Bafe  A  B : 

58^  .  46'  B  D.  7+^  .  to'  Bafe  A  K 

.  47    .  38    AD.  _       . 


106    .  24   Sum. 


37    .  10   Half. 


53    .12    Half-Sum* 


II    .8    Difference. 


5   .34    Half-DifFerenoe. 

Having  the  Half  of  the  Bafe  A  3,  and  Half  the  Sum  and* 
Di%ence  of  thf^  Sides  A  D  and  P  B,  the  alternate  Bafe  B/  is 
tbusfomid;  ,    , 

As  the  Tang,  of  Half  the  Bafe  AB,  37  ®.  16  ^  'Co*.  Ar.  0.120259 

Is  to  the  Tahgint  of  Hilf  the  Smn  of  the  Sides,-*       '      .^  ^ 

53*  .  16.%    •     . i    "^'^043 

So  is  thd  Tangent  of  Half  the  Difference  of  the  7  c  ^Qog.^ 
Sides,  5*  .  34^,  ■  -  '         *  ^       ^ 

To  the  Tangent  of  Half  B/,  the  alternate  Bafe,  1         ; 
9».45',  i.  9-235144 

Which,  being  added  to  Half  the  Bafe  A  B  37°.  io%  is  the 
Side  B/  46*^.55',  the  Bafe  of  the  right-angled  Tiianglc 
Bp^;  and,  being  fubtr^eil  from  the  Half-Bafe,  the  Re- 
mainder  is  A  #  27®  .  25',  the  Bafe  of  the  right-angled  Triangle 
A  D^ ;  in  which  there  is  given  the  Side  A  D  47.^ .  38',  and 
the  Side  A  ^  27**.  25',  to  find  the  Angle  at  A  ;  which  is  an 
Extreme  conjunO^  and  the  Angle  at  A  is  the  middle  Part ; 
tberefort ^ 

P  p  2  As 


i^  MArfil^MAtlCS. 

As  the  Radius        ■■  ■  lo. 


&  to  the  Co- tangent  of  A  D,  47  ** .  3^' ,.       —       9.960013 
So  is  the  Tangent  of  A  #,  27** .  25%  9-7«+933 

t 

To  the  Corfinc  of  the  Angfe  at  A,  61  *^ .  46\    —    9-67495* 

« 

This  Probfen*  naay  be  folv^  another  Way,  without  drawing 
ar  Perpendictilar :  Thi»»  Add  the  ttiFjOe  Kdcs  together,  and  tab 
Half  the  Sum  ^  then  fubtfac'b  e^h^  of  the.  two  $ide»  ^onuimof 
the  Angle  from  the  Half-Sum  : 

74**^.  20'  AB.      96°'.  22'  Half-Sunr.  90**.  ii 

58    .  46  BD.     74   .  20  ABfubtra^a;     47  .3*  AD. 


47   .  3^  Al5. 
180    .44  Sum. 


16   .  •  2  Remainder.         4^   .  44 


90    ./  22  Half-Sum. 

Then  add  the  Sines  of  thefe  Remainders,  viz.  rt^.^i  the 
DiiFerence  between  Half  the  Som  of  tke  Sides  and  A  B,  aod 
42  "^ .  44%  the  Difference  between  Half  the  Sum  of  the  Sides 
and  the  Side  A  D^  t6  the  ^rilbmedcal  Compleiil^it  of  (be 
Sines  of  ttie  twd  Sides  comaihirig  the  requited  Angle ;  Halt 
that  Sum  is  the  Sine  of  Half  the  required  Angle,  wMt^,  tei^ 
doubled,  gives  the,  required  Angle  at  one  Operation : 

Sine  of  ib^  •  2'  *'  9.44121! 

Sine  of  42** .  44'  -  ■  9.831606 

Sine  of  74** .  20  •-^*—  Co.  Ar.  0.01644a 

Sine  rf  47°  .  38^          Co.  iiJ.  0.13x446 

Sum    ^-*    19^^0712 

Sine  of  30* .  53'  9    ■■■  9*710^56 

2 


61    •  46  Angle  B  A  Dy  as  befoi^ 


Spb&i(^  'frigpnmettyl 


^93 


Prob.  91.  /» the  obliqui- angled 
fpbirUal  TriangUA^  £9  giveu 
the  Angle  ADE  37*^.  ro',  the 
Angle  A  E  D  62° .  25  ,  ^«rf 

find  the  Sidi3f* 

The  Way  to  conftrufll  tHIs 
Problem  is  10  confirud,  by  the 
Uft  Problem,  a  Triangle  whofe 
Sides  {hall  be  equal  to  the  given 
Angles,  as  the  Triangle  ADE ; 
where  A  E  is  37** .  19%  A  D 
is  62**.  25%  and  ED  Is  4^^.54.":*  Now,  by  either  of  the 
Rules  ill  the  laft  Problem^  find  the  required  Angle,  as 
AED;  thus. 


62« .  2^  A  D, 

49   .54  ED. 
37   .19  A  E 


74° .  49'  Half.SiHii. 
49   <  54^  £  D  fubtrad* 


74"^ 


-«* 


37 


MH»i 


♦9      ^ 
•  19  A£« 


149   .  ^  Sttiii. 


24   .55  lUmsrinder. 


37  -ao 


^<wi 


74   .  49   Half. 

Sine  of  24^ 
Sine  of  37' 
Sine  of  49^ 
Sine  of  37^ 


55' 
30 
54' 
»9 


•fta 


— —  9-624591 
9-784+47 

Co.  Ar.  0.1x6583 
Co.  Ar.  0.217369 

Sum    -—    19.742790 


Sine  of  4^" .  3' 

2 


9.871395 


96    .  6  Angle  A  E  D. 

The  Angle  at  £  is  thus  found  to  be  96  "* .  6^;  then  the  Angle 
at  A  will  be  fbund  59''.6%  and  the  Angle  at  D  42^.  50% 
in  the  common  Mjmner  \  and  the  Angles  thus  found  tat  ti» 
Sides  of  a  Trian^e  whofe  Angles,  sue  the  &me  with  thofe  in  the 
Problem,  the  greakoft  Side  being  oppofite  t<i  the  greateft  Aiigk  ; 
far,  if  an  oblique^aagled  ipherical  Triangle  be  cokiftcu^ed  hy 
dK  laft  Probkm^  whofe  Sdcs  ate  96'' .  6%  59""  •  6%  and 
42° .  50"",  the  Angles  will  be  the  fame  with  the  Angles  ghrenr 
uk  this  Problem :  This  I  leave  to  the  Learner's  Exercife* 

Of 


294  MA^HEMjITICS. 

O/^ASTRONOMY.  i 

BY  ASTRONOMY   it   cooioionlf   mtant  tiie 
Knowledge   of   the  Stars,    and   the  Laws    of  thdr 
Motions :  But  what  n  here  intended  is  the  Do&ine 
of  the  Sphere,  and  its  feveral  Circles. 

In  order  to  this,  it  will  be  neceflary,  in  the  firft  Place, 
to  give  an  Account  of  the  feveral  imaginary  Circles  of  the 
Sphere. 

■ 

Definitions. 

T.  A  Sphere^  in  the  cdmmon  Acceptation  of  the  Word,  if 
a  Globe  or  Ball ;  but  by  the  Spberey  in  Afirrnvmy^  we  meaa- 
the  concave  Surface  of  the  Heavens,  in  which  the  Planets  \ah% 
their  Motions  in  their  feveral  Orbs,  and  in  which  the  Sun  and 
Planets,  as  well  as  the  fixed  Stars,  appear  to  move  rouqd  the         . 
Earth  in  twenty- four  Hours.|  this  laft  being  only  an  apparent 
Motion,  fince  it  is  occafioned  by  the  Rotation  of  the  Earth 
upon  its  own  Axis.     On  this  Sphere  are  contained  diveia 
Circles,  both  great  and  fmall. 

2.  A  great  Circle  of  the  Sphere  is  that  which  divides  it  into 
two  equal  Hemifpheres.       • 

3.  A  fmall  Circle  of  the  Sphere  is  any  Circle  wUch  does 
not  divide  thfc  Spherq  into  equal  Parts. 

Of  the  great  Circles  of  the  Sphere. 

4.  The  Horizon  is  that  Circle  which  divides  the  vifible  P^t 

of  the  Heavens  from  the  invifible,  being  tHPCirde  which  | 
bounds  our  Sight  when  ftanding  on  a  Plajn  and  viewing  the 
vfiible  Part  of  the  Heavens.  The  Point  dire£Uy  over  oor 
He  ids  is  called  the  Zenith y  and  the  Point  oppofite  to  that,  di« 
redly  under  our  Feet,  is  called  the  Nadir:  Tbefe  two  Paints 
are  the  Pales  of  the  Horizon,  being  90^  diftant  from  it.  The 
Horizon  is  dtftinguiihed  into  rawnal  zvAfn^hle :  The  foimer  | 
is  that  which  diftinguiihes  Day  from  Night;  for,  wfaoi  the 
Sun  is  above  this  Circle,  it  is  J[>ay,  and,  when  bdow  it,  the 
Sun  w  then  Aid  to  be  fet,  and  it  would  be  quite  dark  if  there 
was  no  Twilight :   The  finfibii  Horizon  is  the  Ciide  that 

bounds  our  Sight. 

■ 

1  ■      5.  The 


Of  Afirtmomj.  tgg 

5*  The  Mtrtdian  is  the  Circle  in  which  the  Sun  ifc  at  Noon. 
This  Circle  cuts  the  Horizon  in  the  North  and  South  Points, 
and  mfles  thro'  the  Zenith  and  Nadir  of  the  Place  and  the 
two  roles  of  the  World :  When  the  Sun  is  upon  it,  and  above 
the  Horizon,  it  is  Mid«noen  ;  and,  when  he  is  upon  it  below 
the  Horizon,  it  is  Mid-night. 

'  6.  The  Pdlit  rf  tbi  ^crU  are  two  Points  diametrically 
oppofite  one  another  $  one  is  called  the  North,  the  other  the 
South  Pole.  A  Line,  being  drawn  from  the  North  to* the 
South  Pok,  will  pais  thro'  the  Center  of  the  Earth,  and  be  aa 
an  Jxis ;  the  diurnal  Motion  of  the  Earth  being  made  on  this 
Line,  like  the  Rotation  of  a  Wheel  on  its  Axis. 

7.  The  £^uimxj  or  JEqmmSiM  Circle^  is  a  Circle  which 
divides  the  Heavens  into  two  equal  Parts,  at  90^  Diflanoe  from 
the  Poles  of  the  World,  (which  are  therefore  the  Poles  of  this 
Circle).  When  the  Sun  is  in  this  Circle,  the  Days  and  Nights 
are  equal  in  all  Latitudes ;  only  direfily  under  either  of  the 
Poles,  or  in  90^  of  Latitude,  there  the  JSun  is  in  their  Hori2X>a 
either  rifing  or  fetting.  »    .   : 

8.  The  Ecliptic^  in  which  the  apparent  Moticm  of  the  Sun 
is  always  performed,  is  a  great  Circle  which  interfefb  the 
^uinoftial  in  two  oppofittf  Points,  and  makes  with  it  an 
Angle  of  23^ .  30',  or,  as  later  Improvements  in-Aftronomy 
make  it,  23^  .  29^",  commonly  called  the  Inclination  of-the 
Ecliptic  to  the  Equator.  The  Ecliptiq  is  divided  into  twelve 
•equal  Parts,  called  the  twelve  Signs;  the  firft*  fix  are  called 
the  Northern  Signs,  the  iaft  fix  the  Southern  Signs :  Their 
Names,  Charader^,  and  the  Times  when  the  Sun  enten  into 
each  of  ttvem,  are  as  follows : 

jtriis  T     ^Taurus  M         Gimini  n         Cancer  ® 
March  20.        Jpril  20.  May  21.  Jane  21. 

Leo  SI  Virgo  ^  Llhra  Si  Scorpio  "U 

July  23.         Jugvft  23.       September  23.        O^oter  23. 

Sagittarius  }  ^  Capricorn  »      jtquarius  ««        Pifces  K      # 
Nowmter  22.     December  ai.     January  20«     Feb,  18  or  19. 

Thefe  are  called  the  Signs  of  the  Zodiac,  which  is  a  great 
Circle  encompaffing  the  Heavens  as  a  Girdle,  (whence  its 
Name)  in  which  the  Planets  move.  The  Breadth  of  the 
Zodiac;  ia  ufually  cfteemed  about  fixceen  or  eighteen  Degrees, 

in 
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in  tbe  Middle  of  whkh  it  tfae  £cliptic,  f Kxm  wbkb  the  itp- 
parent  .Morton  di  the  Sun  Jievor  deviates. 

9.  The  Hour-circles  ar«  Meridians  drawn  thro*  thcPob  of 
tfae  World  .and  every  fifceeoth  Degree  of  the  £quino^ial,  of 
which  the  Meridian  of  tbe  Place  is  tbe  Hour-Line  (rf  twtlve 
of  tbe  Clock. 

10.  Tfae'MeEidtan-Ciocle  that  ititcrfaSs  vtheEdiptK  Id  the 
firft  Pxktnt  jof  r  add  12:  is  called  the  Mqu'tm^ial  Calun;  and 
that  which  cuts  the  Ecliptrc  in  the  Solftitial  Points,  thtt  k^ 
tfae  Beginning  of  ft  and  V,  is  called  the  Stlftitid  Cakrt. 

J  I.  CSircles  drawn  from  die  Zenith  to  the  Nadir,  cutting 
the  Horizon  at  nght  Angles,  are.caUed  tfae  Azimutb^ircliSi 
and  that  which  interfefis  tfae  Horizon  in  /the  £«ft  and  Weft 
is  jcalled  the  Primi  KertueL,"  or  tfae  Jxhamtb  d  Esft  ^ 
Weft. 

Of  the  finalkr  Grcles. 

12.  The  fmall  Circles  of  the  Sphere  ?re  fuch  as  are  PaiaOcb 
|o  ^n^  of  tbc.grouef  ^Cindes  before-m(sntipr\ed,;  fu(h  sre, 

ti3.  The  Tropics'  of  Cameir  and  Capriam,  vbich  »? 
parallel  to  the  Mqumo&M^  h  tbe  Diftsme.of  .2^^29 » ^ 
^'S(gfciiCeft  QcdJMtion :  Tte  Tropic  of  .€^M(«r  ii  on  tlr 
Koitb,  ^and  the  Tropjc  of  Capricorn  00  the  South  Side  of  tke 
.^u*no£liaL 

14.  Xh^  tvDp  Polar  Circles  are  Parallels  to  t|ie  ^quiiiofiol 
^  the  Pillaace  of  66^ .  51' ;  That  oear  the  Norjh  ft>ic  ij 
caOed  the  ArMc  Ciircle^  and  that  near  the  South  Pole  is  oM 
the  Aniarffic  Circle. 

15.  Circles  drawn  parallel  to  the  Horizon  are  called  Cirde 
of  Altitfdey  becaufe  the  Altitude,  or  Heighr  of  any  O.bp 
above.the  Horizon,  is  determined  by  thofe  PMllels. 

16.  Parallels  of  Latitude  are  Parallels  to  the  iEquinodial  i 
and  are  alfio  the  Parallels  of  the  Ekclinatipn  of  the  Sub  oc 
Planets.^ 

17.  The  Latitude  of  a  Hace  is  the  Elevation  of  iHc  Pol* 
above  tbe  Horizon,  or  the  Diftance  of  the  Zenith  from  the 
Equator :  If  the  North  Pole  is  elevated,  it  is  North  Latitufc; 
but,  if  the  South  Pole  is  elevated,  it  is  South  Latitude.  Tbe 
Latitude  never  exceeds  9c**.  The  Longitude  of  Plso»  ** 
meafured  on  the  iEquiiKjftial,  and  ufually  is  reckoned  fioj 
Eaft  to  Weft  round. the  Globe,  from  difFeient  Points  ©f  wto* 
the  Longitude  is  cooipttted  bj  different  Geograpben. 

18.  Th 
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ig.  The  Longitude  of  the  Sun  is  his  Diftanoe  frpm  the  firft 
Point  of  ir,  and  is  therefore  the  fame  with  his  Place  in  the 
Ecliptic. 

19.  The  Declination  of  the  Sun  we  have  already  fhewn  to 
be  his  Diftance  from  the  Equinox:  When  he  is  in  any  of 
the  fix  Northern  Signs,  his  Declination  is  North  ;  and,  whea 
he  is  in  any  of  the  fix  Southern  Signs^  bis  Declination  is 
South. 

20.  A  right  Sphere  is  when  the  Poles  of  the  World  arc  in 
the  Horizon  :  And  the  right  Afcenfion  of  die  Sun  is  the  Degree 
of  the  Equator  which  rifes  with  the  Sun  in  a  right  Sphere ; 
or  it  is  the  Degree  of  the  /Equator  which  comes  to  the 
Meridian  of  any  Place  with  the  Sun.  The  right  Afcenfion  is 
reckoned  on  from  the  firft  Point  jof  T  to  360®. 

21.  An  oblique  Sphere  is  when  one  of  the  Poles  of  the  World 
is  above,  and  the  other  is  below  the  Horizon :  And  the  oblique 
Afcenfion  of  the  Sun  is  that  Degree  of  the  Equinox  which  rifes 
in  an  oblique  Sphere  with  the  Sun. 

When  the  Poles  of  the  World  are  in  the  Zenith 'and  Nadir^ 
it  is  called  a  parallel  Sphere. 

22.  The  afcenfional  Difference  is  the  DifFerence  between  the 
right  and  oblique  Afcenfion  of  any  Point  of  the  Ecliptic  ;  that 
is,  the  Difference  between  the  Degree  of  the  .Equinoctial  that 
rifes  with  the  fame  Point  of  the  Ecliptic  in  a  right  and  an 
oblique  Sphere. 

23.  The  4^ptituie  of  the  Sun  is  the  Diflance  of  the  Sun's 
Rifing  or  Setting  from  the  Eaft  or  Weft  Points  of  the 
Horizon  :  When  he  rifes  and  fets  North  of  the  Eaft  and  Weft 
Points  of  the  Horizon,  his  Amplitude  is  North ;  but,  when 
he  rifes  and  fets  South  to  the  Eaft  or  Weft  Points  of  the 
Horizon,  his  Amplitude  is  South. 

24.  The  %MV^A%%muth  is  his  Diftance  from  the  Meridian, 
either  Eaft  or  Weft  :  'Till  he'  has  paffcd  ^the  Meridian,  his 
Azimuth  is  Eaft  \  and,  when  he  has  pafled  it,  the  Azimuth 
is  Weft. 

25.  The  Altitude  of  the  Sun  is  his  Height  above  the  Horizon: 
The  Meridian- Altitude  is  his  Altitude  at  Nooni  which,  when 
he  is  in  the  Tropic  of  ®,  is  61°. 57';  but,  in  the  Tropic 
of  \>),  is  no  more  than  14^.  59^  in  the  Latitude  of  London^ 
which  is  5 1  °  .  32^  North. 


Q^q  Prob. 
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Prob.  92.  7i  projeSf  the  Circles  of  the  Sphere  6n  the  Plain 
of  the  Meridian  for  the  Latitude  of  London  51"* .  3^1'  North. 


^  z 


N  B 


With  the  Chord  of  60**,  draw  the  primitive  Circle  HZ RN 
for  the  Meridian  of  the  Place ;  draw  the  right  Circle  HOR 
for  the  Horizon,  and  Z  O  N  at  right  Angles  for  the  Prime 
Vertical,  or  Azimuth  of  Eaft  and  Weft,  in  which  Z  will  be 
the  Zenith  and  N  the  Nadir  ;  take  51"*.  32%  the  Latitude  of 
the  Place,  and  fet  it  from  H  to  P,  and  from  R  to  S ;  tbco 
will  P  reprefent  the  North  Pole  of  the  World  elevated  abo« 
the  Horizon,  and  S  the  South  Pole  of  tln^World  dcprefel 
below  the  Horizon,  equal  to  the  Latitude  orthe  Place ;  firan 
P  to  S  draw  a  Diameter  P  O  S,  which  reprcfents  the  Axd 
of  the  World ;  at  right  Angles  to  P  O  S  draw  MOQjt 
which  will  be  the  ^quinoAial ;  take  from  the  Line  of  Chords 
23°  •  ^9%  and  lay  it,  both  Ways,  from  JE  to  a,  and  frtHO 
JE  toypl  lay  it  alfo  from  Q^to  «,  and  from  Q^  to  ^;  draw 
the  Ecliptic  ffi  O  >>> ;  take  the  Half-ungcnt  of  23*^ ,  29  j  «»^ 
lay  it,  both  Ways,  on  the  Axis  of  the  World  to  c  and  ii 
then,  thro'  the  three  Points  tf,  f,  S,  draw,  by  Pit)b.  17,  ^ 
Pajallel  a  c  ^  (or  the  Tropic  of  Cancer  ;  and,  by  the  feme 
Problem,  draw  \p  d  b,  thro'  the  three  Points  V'*»  ^ 
the  Tropic  of  Capricorn  i   or,  if  you  take  from  the  Sak  ^ 

TaDgP»0 
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Tangents  66^.31%  the  Complement  of  23^.29%  and  fct 
one  Foot  of  the  Compafles  in  c  ox  d^  letting  the  other  fell  on 
tht  Axis  of  the  World  produced  to  a  fufficient  Length,  that 
will  be  the  Center,  on  which  the  Tropic  may  be  drawn,  as 
before. 

The  Center  O,  where  the  Ecliptic  interfefts  the  Equator, 
is  the  Beginning  of  T ;  30^  being  taken  from  the  Scale  of 
Half- Tangents,  and  laid  on  the  Ecliptic  from  O  towards  ^, 
is  the  Beginning  of  b  ;  60^  being  taken  from  the  fame  Scale, 
and  laid  from  the  Center  towards  $,  is  the  Beginning  of  H  ; 
and  the  Beginning  of  ®  is  at  the  Interfedion  of  the  Tropic 
with  the  Meridian :  Now,  reckoning  back  30 "^  from  ®  to- 
wards O,  we  fhall  come  to  the  Beginning  of  £1,  the  fame 
Point  11'  is;  reckoning  back  60^  from  ®  towards  O,  we 
ihall  come  to  the  Beginning  of  i^?,  the  fame  Point  where  \S 
began ;  and,  reckoning  back  90^,  we  come  to  the  Center, 
or  Beginning  of  s&,  the  firft  of  the  Southern  Signs  :  Thep  take 
30^  from  the  Scale  of  Half- Tangents,  and  fet  from  :^  to  "U 
iov  the  Beginning  of  that  Sign  ;  take  60^  from  the  fame  Scale, 
and .  fet  from  i£:i  to  t  for  the  Beginning,  of  that  Sign ;  the 
Beginning  of  V  is  at  '^,  the  Interfe£lion  of  the  Tropic  with 
the  Meridian  ;  reckoning  back  from  \)»  30^  will  be  the  Be- 
ginning of  S8ds  ;  and  reckoning  back  60^  for  the  Beginning  of 
^  will  be  the  B^inning  of  1^, 

Take  from  the  Line  of  Chords  23*^ .  29%  and  lay  it,  both 
Ways,  from  the  North  Pole  P  to  A  and  T ;  then,  by  Prob. 
42,  Cafe  2,  lay  23® .  29'  from  P  on  the  Axis  of  th©  World 
to  r :  Now  take  the  Tangent  of  23^  .  29  ,  and,  placing  one 
foot  of  the  Compafles  in  r,  let  the  other  fall  on  the  Axis  of 
the  World  extended  beyond  P,  this  will  bf  the  Center,  on 
which  may  be  ^knhcd  the  Ar£lic  Circle  A  r  T  about  the 
North  Pole  P :  And  in  the  (ame  Manner  may  the  AntarSlk 
Circle  B  /i  D  be  defcribed  about  S,  the  South  Pole. 

If  one  Foot  of  the  Compafles  be  placed  on  the  iEquator, 
either  within,  or  continued  without  the  primitive  Circle,  and 
oblique  Circles  are  drawn,  pafling  thro'  the  Poles  of  the  World, 
as  P  X  S,  they  will  be  Meridians,  or  Hour- Circles.  In  the 
fame  Manner,  placing  one  Foot  of  the  Compafles  in  the 
Horizon,  either  within  the  primitive  Circle,  or  produced  be- 
yond it,  and  drawing  oblique  Circles,  Z  /  N,  thro*  the  Zenith 
and  Nadir,  they  are  Azimuth-Circles. 

If  fmall  Circles,  fuch  as  at  r  se,  are  drawn  parallel  to  the 
Horizon  H  O  R,  by  Prob.  61,  at  any  Diflance  lefs  than  90"^, 
they  are  Parallels  of  Altitude. 
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Having  explained  the  Manoer  of  proj«dipg  ths  principal 
Circles  of  the  Sphere,  I  {hall  novr  {hew  tliie  young  Aftronomer 
thei'r  Ufe ;  and,  as  the  Sun's  Place  in  the  Ecliptic  is  tbi 
Foundation  of  nioft  of  the  other  Problems  in  Aftroaomy,  I  (hail 
begin  with  that. 

Prob.  93*  To  find  the  Sun's  Flaa  in  the  Ecliptic. 

Rule,  If  the  given  Day  of  the  Month  is  more  than  the  Pay 
of  the  Sun's  Entrance  in  that  Month,  fubtraS  the  Day  of  the 
Sun's  Entrance  from  the  given  Day,  suid  the  Remainder  will 
be  the  Degrees  of  the  Sun's  Place  in  the  Sign  he  enters  iQ  that 
Month. 

Exam.  I.  The  Sun's  Place  is  required  on  the  tw^aty-ftvealh 
of  May  1753: 

From  May        ■    ■  ■  27 

Subtrad  (be  Day  of  Entrance  into  II     —    21 

Therefore,  on  the  twenty-feventh  of  May^  the  S«a  is  in  fix 
Degrees  of  II. 

Eitam*  %.  Exam.  j. 

September    —      30         November      —       26 
Sun  enters  :2i  Sep.     23       Sun  enters  t  Nov.  22 


7  Deg.  of  «i.  4  Deg.  o(«U. 

And,  if  the  given  Day  is  le6  than  the  Day  of  Entrance  for 
that  Month,  add  thirty  to  the  given  Day,  and  fiibtradiBg 
the  Day  of  Entrance  in  the  preceding  Month  from  that  Sum* 
the  Remainder  will  be  the  Degrees  of  the  Si^s  Place  in  the 
Sign  of  the  preceding  Month : 

Ex4fm.  4.  Exam,  5. 

jfpril        — —         6  July        — —       10 

Add         ■•     :■        30  Add         ■  36 

Suns  enters  T        ao  Sun  enters  9  21 


16  Deg.  of  T.  19  D^.  of «. 

Prob.  94.  The  Sun's  Place  U  7** .  13''  giveny  and  bisgnai^ 
Declination  23® .  29%  (always  known)  to  find  his  frejtnt  Df 
dlination  and  right  Jfanfion, 

Cen- 
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Cottjiruahn.  With  the  Chord 
of  60^,  draw  the  Meridian 
^  P  Q^S }  draw  M  T  Q.  the 
iEquator,  and  at  right  Angles 
to  it  P  r  S  the  Ajfis ;  lay 
23** .  29',  the  Sun's  greateft 
Dfdinatioii,  from  IE  to  yp^ 
and  from  Q^to  ®,  and  draw 
the  Ecliptic 'W*  r  ^\  by  Prob. 

3,  Cafe  I,  lay  67**  •  13',  the 

un's  Pbce  in  the  Ecliptic, 
from  r  to  © ;  take  the  Se- 
cant of  22** .  40',  the  Com- 
plement of  the  Sun's  Place  to  90*^,  place  qne  Foqt  of  the  Com- 
pafles  in  0,  and  let  the  other  fall  on  the  ^quinodial  (con- 
tinued, ifneceflary)  for  a  Center,  and  draw  the  oblique  Circle 
P  ®L  R  S,  by  which  will  be  formed  the  right-angled  Triangle 
T  R  0,  right-angled  at  R;  in  which  we  have  given  the  Angle 
at  T  23®  .  29%  the  Sun's  greateft  Declination,  and  the  Hypo- 
thenufe  T  ©  67**.  13',  to  find  the  Perpendicular  ®R,  the 
prefent  Declination  ;  this  is  an  Extreme  disjun6^,  and '  the 
Perpendicular  is  the  middle  Part;  whence,  by  Lord  Nepler^s 
third  Rule,  and  its  Note, 


As  the  Radius 


10. 


Is  to  the  Sine  of  ©  T  R,  23** .  29', 
So  is  the  Sine  of  T  ®,  67^ .  13% 


9.600409 
9.9647  20 


To  the  Sine  of  R  0,  21  ^.  33',  the  Sun'$  IDeclinat.    9.565129 

■ 

The  Perpendicular  R  ®,  being  a  Part  of  the  oblique  Circle 
P  ®  S,  may  be  meafured  by  Prob.  46 :  Then,  for  the  right 
Afcenfion  T  R,  having  the  Angle  at  IT  23'' .  29%  and  the 
Hypotbcnufe  T®  67°.  13',  to  find  the  Bafe  T  R,  is 
an  Extreme  conjund,  and  one  of  the  Extremes  is  required  $ 
whence,  by  Lord  Nepter*^  fecond  Rule,  and  its  Notey 


As  the  Co-tangent  of  T  ©,  67"* .  13', 

Is  to  the  Radius,        ■■ 

So  is  the  Co-fine  of  ©  r  R,  23^ .  29', 


Co,  Ar.  0,376731 
-»—        10. 

—      9-962453 
To  the  Tang,  of  T  R»  65° . 24 ,  Sun's  right  Afcenf.  1 0. 339 1 84 

i  The 


« 
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The  Bafc  T  R  may  be  meafured  by  Prob.  43.  If  the 
Declination  were  North,  and  increaiing,  then  the  right  \ 
Aicenfion  of  the  Sun  is  65*'.24'j  but,  if  it  were  North, 
decreafing,  that  is,  if  it  were  between  the  twentieth  of  June 
and  the  twenty-fecond  of  September^  then  the  Number  found 
snuft  be  fubtraded  from  180^,  and  the  Remainder  114^.36' 
is  the  right  Afcenfion  ^  becaufe,  as  was  obferved  in  the 
twentieth  Definition,  the  right  Afcenflon  is  reckoned  from  the 
Point  where  the  iEquinodial  interfei^s  the  Ecliptic  in  the  firft 
Point  of  T,  'till  it  returns  to  the  fame  Point  again :  There- 
fore, when  the  Declination  is  South,  increafing,  that  is,  from 
the  twenty-fecond  of  September  to  the  twenty-firfl  of  DecmUr^ 
l8c^  mull  be  added  to  the  Number  found  by  this  Problem ; 
smd,  when  the  Declination  is  South,  decreafing^  that  is,  from 
the  twenty-firfl  of  December  to  the  twentieth  of  March^  tbca 
the  Number  found  by  the  Calculation  muft  be  fubtraded  from 
360^,  and  the  Remainder  is  the  right  Afcenflon  fought. 

I  Ihall  now  endeavour  to  give  the  young  Ailronomer  fome 
Idea  of  the  Caufe  of  the  Inequality  of  natural  Days,  arifing 
from  the  Obliquity  of  the  Ecliptic  to  the  ^quinodial;  by 
which  ^  Sun's  right  Afcenfion  not  increafing  exactly  the 
fame  whh  his  Place  in  the  Ecliptic,  it  produces  a  Variation  in 
the  Length  of  the  natural  Days :  For  thofe  Meridians  that 
divide  the  iEquinodial  into  equal  Portions,  will  not  divide  the 
Ecliptic  in  the  fame  Manner,  but  into  unequal  Portions  i  by 
which  the  Length  of  the  natural  Day  will  be  increafed  or 
diminifhed ;  the  Length  of  a  natural  Day  being  the  Time 
between  the  Sun's  leaving  the  Meridian  of  any  Pjace  and 
coming  to  it  again ;  which,  in  different  Revolutions  of  the 
Earth  on  its  Axis,,  will  be  longer  or  (horter,  as  longer  or 
ihorter  Portions  of  the  Ecliptic  pafs  the  Meridian.  If  tbc 
Reader  finds  any  Difficulty  in  underftanding  the  following 
Explanation,  let  him  pafs  it  by,  and  review  it  when  be  has 
made  a  farther  Progrefs. 

Let  it  be  required  to  find  the  Sun's  Place  in  the  Ecliptic 
when  his  right  Afcenilon  is  15^. 

With  the  Chord  of  60^,  draw  -«  P  Q.S  the  Meridian  J 
then  draw  MT  Q^tht  iEquinoftial,  and  P  r  S  the  Axis, 
or  Hour- Circle  of  Six;  from  JE  to  yp,  and  from  Q^to^j 
fct  ofF  23"* .  29' ,  the  Sun's  greatefl  Declination,  and  draw 
the  Ecliptic  ^  r  l!f  j  then,  from  the  Scale  of  Half-Tan- 
gents, lay  15^  from  r  to  <7  on  the  iEquinofiial,  and  draw 

theJSiridian  P  a  S,  which  wJU  interfc(a  the  Ecliptic  in  0) 

^^''  the 
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the  Place  of  the  Sun  when  his 
right  Afccnfion  is  15®,  In  the 
right-angled  Triangle  ©  V  <7, 
right-angled  at  Oj  are  given 
the  Angle  at  T  23"* .  20', 
and  the  Bafe  T  a  1$'^^  to  hnd  ^ 
the  Hypothenufe  T  ©,  the 
Longitude  of  the  Sun  from  the 
firft  Point  of  T,  or  Place  in 
the  Ecliptic ;  which  is  an  Ex- 
treme conjun£t,  and  the  Hypo- 
thenufe is  one  of  the  Extremes ; 
whence^  by  Lord  NepUr^s  fecond  Rule,  and  its  Note^ 


As  the  Tangent  ofTa^  15 
Is  to  the  Radius, 


•«■ 


Co.  Ar.  0.571948 

—        10. 

9-962453 
io-S344or 


So  is  the  Co-fine  of  ®Ta^  23**  •  29% 
To  the  Co-tangent  of  T  ©,  16** .  17% 

By  which  it  appears,  that,  when  the  Sun's  Place  is  16**.  17', 
his  right  Afcenfion  is  but  15^ ;  fp  that,  in  that  Tigit,  there 
is  a  Difference  of  1^.  17'  of  the  ^quino£tial,  which  anfwers 
to  five  Minutes  and  eight  Seconds  of  Time.  Thus,  as  the 
Sun  goes  on  towards  the  Tropic,  he  gains,  'till  he  comes  to 
15^  of  H,  which  is  half  Way  ;  after  which  he  lofes,  'till  he 
arrives  at  the  Tropic,  when  his  Place  and  right  Aicenfion 
become  equal.  And,  if  the  ^quino£lial  were  divided  in  every 
fifteenth  Degree,  and  Meridians  drawn  thro'  each,  they  would 
interfe£l  the  Ecliptic  in  the  Sun's  Place,  for  each  15^  of  right 
Afcenfion^  as  below : 


At< 


IS* 

30 

45 
60 

75 
L90 


of  right  Afcenfion, 
the  Longitude  is 


16*^.  17 


32 

47 
62 

75 
90 


12 
28 

6 

IS 


The  Earth  revolves  round  its  Axis  in  twenty- four  Hours,  at 
the  fame  Time  moving  forward  in  its  Orbit  about  fifty-nine 
Minutes  and  eight  Seconds.  By  this  Means,  the  whole  i¥!qui- 
nodlial,  and  fifty- nine  Minutes,  eight  Seconds,  pafTes  the 
Meridian  of  any  Place  in  twenty-four  Hours :  But  the  Ecliptic, 


inter- 


3^4 
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interfeding  the  ^quinodial  at  an  Angle  of  23° .  29^,  Hoes 
not  pafs  the  Meridian  equally  with  the  i£qiiitioinial.  Hence, 
the  Time  from  the  Sun's  Appear^ince  oA  tte  Meri()ian  oi  any 
Place,  to  the  I'ime  of  bis  RetUrii  to  it  agtiin,  is  fom^ttmcs 
more,  fometimes  lefs,  than  twenty-four  Hoiirs;  but  Clocks 
and  Watches  keep  equal  Time,  Wheh  they  go  rfght ;  and  this 
is  one  Reafon  why  good  Clocks  and  Watches  go  fametimes 
&fter,  fometimes  flower,  than  the  Sun.  The  grdlteft  Varl^* 
tion,  arifing  from  this  Caufe,  is  tvhbn  the  Son  ft  in  thb 
^quinoflial  and  Tropics ;  for,  when  th(6  Suil  is  in  rfae 
Equinox,  and  going  towards  this  Trdpics,  die  Time  fmrh 
Noon  to  Noon  will  be  but  t\^enty-thnee  Hours,  fifty-nine 
Minutes,  and  forty  S6:onds;  biit,  in  retUrnlfag  frtttn  the 
Tropics  towards  the  Equinox,  the  Day  will  be  twenty-four 
Hours  and  twenty-two  Seconds. 

There  is  another  Caufe  of  the  Inequality  of  natural  Days, 
arifing  from  the  annual  Motion  of  the  Earth,  which  moves 
round  the  Sun  in  an  EUipfis,  in  one  of  whofe  Foci  thq  Sun  is 
placed  $  aiid,  from  the  Laws  of  Gravity,  the  Velocity  of  thb 
Earth  is  continually  changing  in  its  Orb,  by  which  the  Earth 
moves  thro'  different  Portions  of  the  Orb  in  twenty-four 
Hours,  which  produces  a  Variatibh  in  the  Length  of  natural 
Days.  The  Time  marktd  by  the  Motion  of  the  Sun  is  caQed 
apparent  Time }  the  Time  marked  by  Clocks,  and  other  Time- 
Leepers,  is  called  true  Time  ^  and  the  Diiterence  is  called  the 
lEfuation  of  Time. 

Prob.  95.  The  SurCs  right  Afcenjion  75^  .  ^\  and  his 
great  eft  Declination  23**.  29',  [always  inetvn)  to  find  bis 
Place  in  the  Ecliptic^  and  prefent  Declination. 

Conji ruction.  With  the  Chord 
of  60°,  dra^^  the  Meridian 
iEPQS;  draw  Ad  the  iE- 
quinoclial,  and  P  S  the  Axis  of 
the  World  at  right  Angles  to 


It  ;  lay  the  Sun's  greateft  De- 
clination, 23°  .  29%  from  IE 
to'V^',  and  from  Q^to  ®,  and 
draw  the  Ecliptic  YP  T  «  j  lay 
75^.48',  the  Sun's  right  Af- 
ccnfion,  by  Prob-  42,  Cafe  i, 
from  T  to  ^1 ;  then,  by  Prob. 
17,  draw  the  Meridian  P  ^  S, 

cutting  the  Ecliptic  in  ©,  by  which  will  be  formed  the  right- 
angled 


r 
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tfigied  Triangle  T  ^  a^  right-angled  at  tf ;  in  which  is  giveh 
the  Angle  at  T  13* .  tq\  and  the  Bafe  T  «  75** .  48%  to  find 
the  Hypothemife  X  0^  or  the  Sun's  Place  in  the  Ecliptic) 
which  is  an  E^Ltreme  conjund^  and  the  Hypothenufe  is  one 
of  the  Extremes ;  wherefore^  by  Lord  NipUr^s  fecond  Ruk^ 
and  its  N9ti^  Page  166, 


At  the  Taageitt  of  r  a^  75"" .  48% 
Is  to  the  Radius^ 


10*5968  If 


1 1 II  > 


80  is  the  Co<>fine  of  ©  r  j,  23** .  ag'', 
to  the  Co-tangent  of  T  0,  76^ .  56% 


ID. 


9.962453 
9.365640 

Thenlbre  the  Sun's  Place  is  i6''.56^  of  s.  *  To  find  the 
Declination^  the  fiune  Things  being  gtven^  it  is  ftili  an  Ex- 
treme conjund^  and  the  Perpendicular  tf  0,  being  one  of  the 
Extremes^  may  be  found  by  the  fame  Proportion : 

AsthcCo-tangentofT09  23^.29% 
Is  to  the  Radius, 


SoisthcSineof  T a,  75''. 48', 


10.361044 

10. 
9.986523 

19.986523 
10.362044 

To  the  Tangent  of  a  ©,  aa^.  50%   the  Sun's  ?     ^ 
prefent  Declination,         "■  ■     ^'        — ^         J  ^'     ""'^ 

The  Perpendicular  a  ©  may  be  meafured  by  Prob»  465  and 
the  Hypothenufe  T  ®  may  be  meafured  by  Prob.  43* 

Prob.  96*  The  Sufi'f  prefeitt  Declinathn  22* .  56^  Mr/*, 
increajlmgt  andgreatefi  Declinathn  23* .  29',  given,  to  find  bii 
Piati  in  ibi  Eclipticy  and  right  Jfctnjion. 

Conftruai&n,  With  the  Chord 
of  60^,  defcribe  the  Meridian 
MP  (is  I  draw  IE  Q,  the 
JEquioodtial,  and  P  S  the  Axis 
ef  the  World  at  right  Angles 
to  its  la?  23'*»29%  the  Sun's  JE 
greateft  JDeclination,  from  IE 
to  £^  and  from  Q^  to  C,  and 
draw  £  O  C  the  Ecliptic ;  lay 
^2^  4  56^^  the  Sun's  prefent 
Declination,  from  Q^to  a,  and 
from  ^  to  ^  i  and,  by  the  Scale 
<of  Half«-TangcntS|  lay,  by  Pcob.  42,  m''.  j6'  fi^m  O  to  ;r}  thtfn« 

R  r  t^ 


E 


k. 
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by  Prob.  17,  draw  b  x  a,  the  ParaM  of  the  Sun's  prdbf 
JDcclinatioo,  interfedling  the  Ecliptic  in  O.;  thro'  0,  P, 
and  S»  by  Prob.  17,  draw  the  Meridian  P  0  S,  interfiafting 
the  Eqiiino<5tial  in  D,  and  forming  the  right-angled  Triao^e 
O  ®Dt  right-angled  at  D  ;  in  which  is  given  the  Angle  at  0 
23° .  29',  and  the  Perpendicular  D  ©  22^  .  56%  10  find  th^ 
Hypothenufe  O  ® ,  the  Sun's  Place  in  the  Ecliptic ;  which  is 
an  Extrettie  disjtmdj  and  the  Hypothenufe  it  one  of  the 
Extremes  ;  wherefore,  by  Lord  H^Ur*9  fourth  Rule,  and  its 
'Notty  Page  266, 

As  the  Sine  of  0  O  D,  23^.49',        —    Co.  Ar.  0.359591 

Is  to  the  Radius,         ■■  ■  »  10. 

So  is  the  Sine  of  D  ©,  22^  •  56%         9'59^' 

To  the  Sine  of  O  (S,  77 ^ .  55%  the  Sutfs  tlace,      9.990277 

That  is  17^*55''  of  H.    But,   bad  the  Dedination  bcdi 
North,  decreafing,   fubtrad  77*  •  SS'  from  iSo**,  and  the 
Remainder  102^  •  5^  is  the  Sun's  Place  in  the  Ecliptic,  that  is, 
I2*.5'  of«. 
.    The  Hypothenufe  O  0  may  be  meafured  by  Prob.  43. 

Now,  for  the  right  Afeenfton,  the  fame  Things  beiog 
given,  to  find  DO,  is  an  Extreme  corijund,  and  DO  ir tk 
middle  Part ;  wherefore^  by  Lord  NtpUr*^  firft  Rule,  aad  iu 
Noti^  Page  265, 

A»  the  Radios        *  ■                         »■    '     ^       to. 
»  ^^^^^^ 

Is  to  the  Co-tangent  of  <&  O  D,  23**  •  29%     —     10.362044 
So  is  tlic  Tangent  of  D  (S,  22° .  56',        9.62644$ 


To  the  Sine  of  D  O,  76^.51',  »• 

-^Which  is  the  Sun's  right  Afcenfion.  Bitt,  if  the  !>■ 
clination  had  been  North,  decreafing,  fabtraft  76^.51'^ 
180®,  and  the  Remainder,  103^ .  9%  is  the  right  Afcenfion; 
and,  if  the  Declination  had  been  South,  increafing,  jio^  J^^ 
be  added  to  the  Afcenfion  found  by  the  Problem ;  lafHy,  if  ^1^ 
Declination  given  is  South,  decreafing,  take  the  Degrees  knsA 
by  the  Problem  from  360^,  and  the  Remainder  is  the  SaiA 
right  Afcenfion. 

The  Perpendicular  DO  may  be  meafured  by  Prob.  46. 
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Piob.  07.  "the  Latitude  of  the  EUue  (as  Loi\don)  5i«» .  32% 
mni  the  Sun's  pre/ent  Declination  23** .  4  Nortb^  giveuy  to  find 
the  Altitude  of  the  Sun^  and-  Hour  of  fhe.  Vm .  wAui  ibe  Sun  is 
due  Eaft  or  Weft. 

Conftrkaion.  With  the  Chord 
of  60°,  on  O,  as  a  Center, 
draw  H  Z  R  N  the  Meridian  ; 
draw  H  O  R  the  Horizon,  and 
Z  O  N  the  Prime  Vertical,  or 
Azimuth  of  Eaft  and  Weft, 
at   right  Angles   to   it ;    take 

5;i^*32^)  the  Latitude,  and  fet 
rom  H  to  P,  and  from  R  to  S ; 
draw  P  O  S  the  Axis  of  the 
World,  and  iE  O  Q^at  right 
Angles  to  it  for  the  i£quino£iial ; 
'thto  lay  23®  •  4'  from  M  to  j, 

and  from  Q^to  b ;  alfo  lay  the  Half-Tangent  of  23*.  4'  from  O 
to  c\  and,  by  Prob.  17,  draw  the  Parallel  of  Declination, 
ucby  interfefting  the  Prime  Vertical  in  ©,  the  Sun's  Place 
when  due  Eaft  or  Weft  ;  laftly,  by  Prob.  17,  draw  the 
Meridian  P  0  S,  interfeding  the  ^quinodial  in  d^  and  form- 
ing the  right-angled  Triangle  O  O  i,  right-angled  at  i;  in 
which  we  have  given  the  Angle  O  Oi  51"*  •  32",  the  Diftance 
of  the  Equinoctial  ftom  the  Zenith,  equal  to  the  Latitude  of 
the  Place,  and  the  Side  0  d  23^.4^,  the  Sun's  prefent  De* 
.  dination,  to  find  the  Hypothenufe  O  0,  the  Sun's  Altitude 
above  the  Horizon  when  due  Eaft  or  Weft ;  this  is  an  Extreme 
disjunct,  and  the  Hypothenufe  is  one  of  tbe  Extremes  ;  where- 
fore, by  Lord  Nepier's  fourth  Rule,  and  its  Nete^  Page  266, 


As  the  Sine  of  0  O  rf,  51** .  32', 

Is  to  the  Radius         ■ 

So  is  the  Sine  of  ©  rf,  23°. 4', 


Co.  Ar.  0.106255 

—  »    10. 

—  9-593067 


To  the  Sine  of  O  ©,  30° .  2%  the  Sun's  Altitude,    9.699322 

Then,  for  the  Hour  of  the  Day,  the  fame  Things  being 
given,  to  find  the  Bafe  O  d  Is  sm  Extreme  conjun<^,  and  the 
Safe  O  ^  is  the  middle  Part  ^  wherefore,  by  Lord  Nepier*9 
firft  Rule,  and  its  Note^  Page  265, 


R  r  2 


As 


^ 
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As  the  •Rkaius        — — ^^-^  — ^- io. 


Is  to  the  Co- tangent  of  i©  OV,  5 1^ .  32',    — —     9:9600^7 
So  is  the  Tangent  of  ©  rf,  23** .  4%      .  '  9.629255 

To  the  Sine  of  O  d^  19** .  46',  -= — =—  9-5^934^ 

This  being  converted  into  Time,   by  allowing  an  IHToiir 
for  every  15*,  and  four  Minutes  of  Time  for  each  Degree^ 
gives  one  Hour  and  lixteen  Minutes  for  the  19^,  arid  three 
Minutes  and   four  Seconds  for  the  46'',    which   makes  one 
Hour,    nineteen  Minutes,   and  four  Seconds.     Now,    as  the 
Sun  rifes  at  jp,   where  the  Parallel  of  Declination  cuts  the 
Horizon,  in  his  Afcent  to  his  Meridian  Altitude,  he  wjO  be 
on  the  Axis  P  O  S  at  Six  o'Clock  in  the  Morning ;   there- 
fore it  will  be  paft  that  Time  one  Hour,  nineteen  Minutes, 
and  four  Seconds,  when  he  is  due  Eaft,  or  at  0,   that  is,  it 
will  be  nineteen  Minutes  and  four  Seconds  paft  Seven  o'Clock 
in  the  Morning :  And,  when  he  hath  paiTed  the  Meridian,  and 
is  going  towards  the  Horizon,    to  fet  at  jr,   when  he  is  at 
0,  or  due  Weft,  it  will  want  one  Hour,  nineteen  Minutes, 
and  four  Seconds  of  Six  o'Clock,   that  is,   it  will  be  forty 
Minutes  and  fifty-fix  Seconds  p^ft  Four  in  the  Afternoon. 
Hence,  the  Degrees  and  Miniites,  b6ing  converted  into  Time, 
and  added  to  Six  o^Cloek,  give  the  Time  he  is  due  Eaft ;  and» 
being  taken  from  Six,  give  the  Time  he^  is  due  Weft  in  the 
Afternoon.     But,  if  the  Latitude  of  the  Place  and  Declination 
be  not  both  North,  or  both  South,  the  Sun  will  be. fet  before 
he  is  due  Weft,  and  will  not  rife  'till  after  he  is  paft  the  Eaft 
Point  of  the  Horizon. 

Prob.  98.  The  Latitude  of  the  Place  5 1  ®.  32'  Norths  and  tbt 
Surfs  prefent  Detlinatio'n  23°  •  4'  North y  given^  to  find  the 
Altitude  vf-the  Sun  at  Noon. 

« 

When  the  Latitude  of  the  Place  and  the  Declination  of  the 
Sun  are  both  North,  or  both  South,  add  the  Declination  to 
the  Complement  of  the  Latitude,  and  the  Sum  will  be  bis 
Meridian  Altitude ;  but,  if  the  Declination  and  Latitude  are, 
one  North,  the  other  South,  fubtraA  the  Declination  from 
the  Complement  of  the  Latitude,  and  the  Remainder  will  be 
the  Sun's  Meridian  Altitude : 

From 


Of  Afirsnon^. 

From    90* 
Subtrad    51  •  3^' 


P«» 


38  •  28 
Declination  add     23  .    4 


Meridian  Altitude    61  .  32 

In  the  fame  Latitude,  if  the  Declination  had  been  South 
>3«.4%  fubtraaing  that  from  38*^.28',  leaves  li'^^af  far 
Che  Meridi^  Altitude  of  the  Sun. 


.  99.  Tbw  Latitude  of  the  Placi  51* .  32'  N&rtbj  and 
'x  Declination  18** .  7'  Nortb^  to  find  the  Sun^s  Jltitndi 


Prob 
the  Sun 
find  Azimuth  at  Six  o' Clock. 


Con/haaion.  With  the  Chord 
of  6o*,  draw  H  Z  R  N  t^e 
Meridian  of  the  Place  ;  then 
draw  H  O  R  the  Horizon,  and 
Z  O  N  the  Prime  Vertical  at 
right  Angles  to  it;  fet  the 
Latitude,  51**.  32',  from  H 
to  P,  and  from  K  to  S ;  then 
draw  the  Axis  P  O  S,  and  at 
right  Angles  to  it  draw  '/EO  Q^ 
the  ^utoodial ;  lay  18^.7^, 
the  Sun's  Declination,  from 
JE  to  k^  and  from  Q,  ^^  ^t  *Ub  the  Half- Tangent  «f 
18^.7'  from  O  to ;ri  by  Prob.  17,  draw  the  Parallel  of  the 
Sun's  Declination^  a  xt^  interfieAing  the  Axis  P  O  S  in  «k 
the  Place  of  the  Sun  at  Six  o'Clock  s  thro'  jr,  aad  the  Poka 
of  the  Horizon  Z  and.  N,  by  Prob.  17,  draw  tbs  AziflMitfa- 
Circle  ZxN,  interfering  the  Horizon  in  #,  and  finming  the 
right-angled  Triangle  e  xOj  rieht-angled  at  #  1  in  which  it 
giten  the  Angle  at  O  51^*32  ,  and  the  Hypothcoule  Ox 
1 8"* .7',  to  find  the  Perpendicukr  / x^  the  Sun's  Altitude  at 
Six  o'clock  'r  this  is  an  Extreme  disjiinft,  and  the  required 
?erpendicuhr  is  the  middle  Part;  whomx^  by  Lerd  Nifiir*$ 
third  Mt,  aod  it&NiU,  Page  266, 


Am 
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As  the  Radius        -—*-.—-      -    ■ 


10. 


Is  to  the  Sine  of  ;f  O  ^,  51  ® .  32% 
So  is  the  Sine  of  O  a-,  18° .  j\ 


■        III  I  I   p  If 

*  9893745 
9.492695 


To  the  Sine  of  ex,  14". -5',  the  Altitude  of  the,       gg 
Sun  5ibovc  the  Horizon,  — rs t  '  v  J""**" 

For  the  Sun*s  Azimuth :  The  iame  Things  being  given,  to 
Cnd  the  Bafe  e  O,  the  Sun's  Asiputh  from  the  £aft.  North- 
wardly 16  an  Extreme  conjunct,  and  the  Bafe  is  tae  of  the 
Extremes  ;  whence,  by  Lord  Nepier^s  fecond  Rule,  and  its 
Nftey  Page  266, 

'A>  thfe  Cb-tangent  pf  Q  ^,  1 8® .  7',        — -r        1^.48522 j 


Is  to  the  Radius,        -p,.— — 
So  is  the  Co-fine  pf  at  O  ^,  51  "^ .  32', 

To  the  Tangent  of  O  ^,  1 1  ** .  3% 


10. 
9.793832 

9.308609 


Hence  the  Sun's  Azimuth  from  the  Eaft  pr  Weft,  at  Six 
o'Qock,  is  11^ .3^;  and  this,  being  added  to  90^,  or  OR, 
gives  eR  loi^  •  3  ,  the  Sun's  Azimuth  from  the  Meridiaa 
towards  the  North  PoiQt  of  the  Horizon. 

Prob.  100.  7*^  Laiitudi  0/ the  Place  51^*32  N^rtb^  and 
the  Si{n^s  prefent  Declination  J5*'.46'  Nortb^  ^nvir,  t9  find 
the  $un*s  Amplitude^  and  the  afienjional  difference  \  the  Time 
§/  the  Sun  s  Rifing  and  Settings  with  the  Length  of  the  Day 
and  Night ;  alfo  the  ohlique  Afcenfion  and  Defeenfien  efthe  Sun, 

Draw  the  Meridian  HZRN, 
with*  the'  Chord  of  60^  ;  draw 
the  Hori2X>n  H  O  R,  and  the 
Prime  Vertical  Z  O  N  at  right 
Angles  to  it ;    take  the  Lati- 
tude, 5!  °'i 31%  and  fcr  it  from   -j, 
H  to  P>  ano  from  R  to  S ;  draw   "l 
the  Axis  P  OS,  and  iE  O  Q,    j 
the  ^quin<)Aial  at  right  Angles 
to  the  Axis;    take  15^.46', 
and  fet  it  from  SL  to  h^  and 
from  Q.  to  tf ;    fet  the  Half- 
Tangent  of  i5'*.46'  from  O  to  ^,  and  draw,  by  PfoK  17, 

the 
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the  Pan^kl.of  Declination  b  c  a^  interfeding  the  Horiaon  in 
J',  thro^  P)  4%  and  S,  by  Prob.  17,  draw  the  oblique  Cirdc 
P^S»  jhterfedting  ^OQ^in  x^  and  forming  the  right-angled' 
Triangle  O  d  x^  right-angled  at  x  ;  in  which  is  given  the 
Angle  at  O  38^  .  28%  the  Complement  of  the  Latitude^ 
and  d X,  13^.46',  to  find  the  Hypothenufe  Od^  the  Sun^s 
Amplitude,  or  Diftance  of  rifing  froni  the  £aft  l^oint  of  the 
Horizon,  Northward ;  which  is  an  Extreme  disjundl,  and 
the  Hypothenufe  is  one  of  the  Extremes  ;  wherefore,  by 
Lord  Nipur*s  fourth  Ilule,  and  its  Noicy  Page  266, 

As  the  Sine  ofdOx^  38°  .  28%      — -     Co.  Ah  0.206168 

Is  to  the  Radius,         — _.  ^ jo^ 

So  is  the  Sine  6i  d  Xy  15® .  46' ,  ' ^  9-434I2* 

To  the  Sine  ofd  O,  25® .  54' ,  '  ■  ■    »  9.640296 

.  The  Hypothenufe  O  d  may  be  me^afured  by  Prob.  43, 

If  the  Sifn'ft  Declifiariofi  had  been  South  15 ''.46%  thd 
Parallel  g  bf  being  dhiwn;  would  mteric^l  the  Horizon  in  rV 
and  an  ^fbllquc  Circle,  P  /  S,  w6uld  ihterfea  iE  O  (^  in  a, 
forming  the  right-angled  Triangle  O  i  2;,  right-angled  at  %i 
equal  to  the  Triangle  O dx\  in  which  the  Hypothenufe  O  /» 
equal  to  O^,  is  the  Sun's  Amplitude,  or  the  Diftance  of  the 
Rifing  and  Seaingiirom  the  Eaft  and  Weft  Points  of  the 
Horizon,  the  fame  as  before^  only,  in  the  former  Cafe,  the 
Amplitude  is  from  the  Baft  or  Weft,  Northward,  and,  in  the 
latter.  Southward ;  that  is,  in  North  Latitude,  when  the 
Sun's  Declination  is  North,  he  rifes  to  the  North  of  the  Eaft, 
and  fets  to  the  North  of  the  Weft ;  but,  when  the  Latitude 
is  Nbrth  and  Declination  South,  he  rifes  to  the  South  of  the 
Eaft^  and  fets  to  the  South  of  the  Weft. 

Then,  for  the  afcenfional  DiflFerence,  the  fame  Parts  *being 
given,  to  find  the  Side  O  x^  is  an  Extreme  conjun£l,  and  O-x 
is  the  oiiddle  Part  \ ,  whence,  by  Lord  Nepiir^s  firft  Rule, 
and  its  Note^  Page  265, 

As  the  Radius  *  ■         10. 


Is  to  the  Co-tangent  of  rfO  *•,  38** .  lA\        —  10.099914 

So  is  the  Tangent  of  rf*,  15^  .46%         9-45^777 

To  thfeSineofO*,  20'*.4',         ^-^ —  ^•55069^ 

The  Side  O  x  may  be  meafured  by  Prob^  43, 
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The  afcenfional  Difference  20 ''.4%  being  cdoiPietteil  tfitd 
Time,  by  allowing  15^  for  an  Hour,  four  Minutes  0^ 
Time  for  a  Degree,  and  four  Seconds  of  Time  for  cacb 
Minute,  gives  one  Hour^  twenty  Minutes,  and  fixteett 
Seconds ;  and  fo  much  the  Sun  rifes  before  Six  in  the  Morn- 
ing, and  fets  after  Six  at  Night;  that  is,  the  Sun  rifes  tbirtf 
nine  Minutes  and  forty-four  Seconds  after  Four  o'Clock  id 
the  Morning,  and  fets  twenty  Minutes  and  fixteen  Seconds 
after  Seven  at  Nights  But,  if  the  Declination  bad  been  dif* 
ferent,  the  one  North,  the  other  South,  the  oiie  Hour,  twenty 
Minutes,  and  fixteen  Seconds,  being  added  to  the  Huar  of 
Six,  gives  the  Sun*b  Rifing  twenty  Minutes  and  fixteen  Seconds 
after  Seven  in  the  Morning  i  and,  being  fubtr^fied  from  SiXg 
gives  thirty-nine  Minutes  and  forty-four  Seconds  after  Four 
at  Night  for  the  Time  of  his  Setting. 

If  the  Time  of  the  Sun's  Settings  feven  Houfi,  twcntf 
Minutes,  and  fixteen  Seconds,  be  doubled,  it  gives  the  Leng^ 
of  the  Day^  fourteen  Hours,  forty  Minutes,  and  thirty-two 
Seconds  ;  and  thirty-nine  Minutes  and  forty«four  Seconds  after 
Four,  the  Time  of  the  Sun^t  Rifing,  being  doubled,  gives 
nine  Hours,  nineteen  Minutes,  and  twenty-eight  Seconds  fo^ 
the  Length  of  the  Night. 

To  find  the  ObUque  T>tJcmfiMu 

When  th^  Latitude  and  Declination  are  the  lame»  add  tfis 
Hfcenfional  Difference  to  the  right  Afeenfion,  and  the  Sum 
is  tiie  oblique  Defcenfion :  But,  when  the  Latitude  and  De* 
dination  are  not  the  fame,  then  fubtraft  the  afcenfional  Dif« 
ference  from  the  right  Afeenfion,  and  the  Remainder  is  the 
oblique  Defcenfion  \  and,  if  you  cannot  fubtrad  the  afcenfional 
Difference  from  the  right  Afeenfion,  add  90*  to  it,  then  feb* 
trad^  and  the  Remainder  is  the  oblique  Defcenfion4 

To  find  the  Oblique  Afienfion. 

When  the  Latitude  and  Declination  are  the  fame^  fiibtraA 
the  afcenfional  Difference  from  the  right  Afeenfion,  and  ths 
Remainder  is  the  oblique  Afeenfion  \  and,  if  the  afeenfion^ 
Difference  cannot  be  taken  from  the  right  Afeenfion^  add 
90^  to  it,  then  fubtrafi,  and  the  Remainder  is  the  oblique 
Afeenfion :  But^  when  the  Latitude  and  Declination  are  not 
the  fame,  then  the  afcenfional  Difference  and  right  Afeenfion^ 
being  added  togetfael^,  vi  the  oblique  Arceafionf 
^2  In 


Horth^  JacrcaGogv  -^  /igte  .Alccnfion  o^y  be  fowjd^  ,t>j 
Pioh.  96,  to  be  40^.  38' J  and,  in  the  Laikudc  of  51°.  3^1  ^ 
we  have  found  the  afcenfional  DifFereUce  20^.4'^$  which^ 
4«ifig  Added  .to,  aiid  -iubtraded  iiropi,  ,t\)c  eight  ^fceoiipni 
gives  the>0blique  Afeenllon  and  JDeiceafion  a3  fpUp.ws ; 


To  40^ .  38'  Right  Afccnfion, 
Addao  .    4  Afctnf.'&it. 


Fh)m  40* .  38' 
SufatiaA  20  •    4 


6p  .^42  Obll^cjtie  l^fcejiftoH. 


Afcenf. 


4iO   •  34  Oblique 


ProU  1 01,  The  Diclindtion  of  thi  San  21°.  36'  Souths  and 
yjbis  AlUifKle  ^42'' .  27'  .M«i??  4¥^,E^Jl  \0r  W^^^  t^^^  to  find 

s^Xf^ttfi4^Jif,tb^VUji^.  '    ;. 

Ctf?(*.  With  the  Chord  of  66^ 
draw  the  Mtcidian  R  S  CL? ; 
draw  &  OLQjthe  £quino£tial^ 
and  S.O  P  tfie  Axis  ^t  right 
Andes  to  it ;  f^t  off/2l** .  36% 
tte/ijedina^qni  from..iflEiXo  fli   «-| 
apd  froiii'Q^to  b'\   and, -by  i^ 
•ftpb.  Si-j  ^^w  tbcTParaJlcl  of 
Deplinati^  tf(^i^>    s^t  t)»e  Dit 
ftai^/Of  21^  .'36'   fjpom   the 
^quiBQ^ial  $  /take  ^he  Half- 
Tangent   of  42^  .  ^^    in  the 
GNnpailes,  fet  one  Foot  in  the 
Center^  and  defcribe  an  ArchJnterreding  .thDrPaaltei.of 'De- 
't|iaalion^in'i,2nd.^;  i a <righti Circle,  N-OZ^  being. dtawii 
AlhiD'  rMiiier  .0f  .tfaefe  PoiMs,  .as^,  mik\  be^the  ^Prime  .V^ertical 
fi  .thoTlaf^,;  I  then  i^2,^ .  the  i Meridian  -  S.r  P,   hy :  Pxab.  \q , 
>aaterfildaog  ;|he  j£qtmio^l  «in   B,  .and  >fbriniAg.the  . right- 
iaggledSiia^glef  OB,,  r ightr angled  at  tB;  in  which  is  giv^rh  the 
<%polfa0niiie  0/^2*' .^y-,  \aiid-the'E^erpcnr^iciilar  fi^  21"*  .36% 
>t4Qi£sid  tlie  Angle  at P^>  the; Latitude  of  fhe  Places     The  nght 
«Cifde' jN  O  Z  iiwi^.  x\\is:.  Prime  .V4:rticai,  or  Azimuth  of  haft 
and  Weft,  it  paffes  thro*  the  Zenith  of  the  Plac^i   whencd 
'E'is'the  2^ith,  .andiZ  CL,   pr.tbe  Aiiglr.#  O  B^   is  the 
^LaiitislGiif  ihePJace^wbeibg  the.Diftance  ot  the  Zenith  from 
the  ^quinoAial. 


8  f 


Thb 


Sr4  Mjr  H  E  MJr  IC  S. 

This  is  ah  Extreme  disjunfl,  and  the  Angje  at  O  is  out  of 
the  Extremes ;  whence,    by  Lord  Nepier's  fourth  Riik^  and 

its  Noiey  Page  266, 


As  the  Sine  of  O  ^,  42* .  27', 
Is  to  the  Radius, 


Co.  Ar.  0*170730 
-^         10. 

-     '        9-565995 


So  IS  the  Sine  of  B  ^,  21  ^ .  36% 

To  the  Sine  of  fi  O  #,  33* .  3'  South  Latitud^i  .9*73^7^S 

:  The  Declination  being  South,  the  Latitude  is  South;  and 
the  Angle  BO ^,  being  the  fame  with  the  Angle  Z  O Q^  maj 
be  mcafured  by  Prob.  53. 

Prob,  102:  the  Declination  of  the  Sun  22^  .  36'  Soutb^  atd 
bis  Altitude  16^ .  32'  at  Six  o'Clocky  given^  to  find  the  LatitMdi 
eftbt  Place. 

ConJlruQitm.  With  the  Chord 
of  6a^,  defcribe  the  Meridian 
HZRN;  dra^  HO  R  the 
Horizon,  and  ZON  the  Prime 

^yer^ical  at  right  Angles  to  it;      i 
by^  Prob.'  61,  draw  the  Parallel    rrj 
of  Altitude,  a  b  c;  at  1 6*^ .  32'    *^' 
Dii^nce    from    the    Horizon 
H  O  R ;   take  the  Haif-Tan^ 
gent  of  22^ » 36'  m  the  Com- 
pares, let  one-  Foot  in  O,  and 
deferibe    an  Arch   interfering 
tlie  Paralld  of  Altitude   in  ^ 

'  and  ^;  thro'  either  of  which  Points,  as  dy  draw  z  ri^t 
Circle,  P  ^  S,  which  will  be  the  Axis,  or  Hour-Ckck  of  Six 
o'clock  Daftly,  thro'  the  Points  Z,  d^  and  N,.  by  Prab.  17^ 
draw  the  Azimuth-Circle  Z  ^  N,  lOterfeAing  the  Horisoo 
inff  and  forming  the  right-angkd  Triangle  dCTf^  ri^t^an^ 
at  /,  in  which  is  given  the  Side  fd  16^  •  3^',  and  the  Hypo- 
thenufe  O  d  22"^ .  36%  to  find  the  Angle  at  O,  the  Latitirie 
of  the  Place,  or  the  £levation  of  S^  the  South  Pole  above  tk 
Horizon.' 

Thi^  is  an  Extreme  disjund^^  and  the  Angle  at  O  is  one 
of  the  Extremes ;  whence,  by'  Lord  Nepier*s  fourth  Ride^ 
and  its  NotCy  Page  266, 


Of  jlfimta^y. 


A%  the  Slw  of  O  dj  22° .  36  , 

Is  to  the  Radius, 


So  is  the  Sine  of /rf,  16°.  32', 


3^5 

Co.  An  0.415335 
-^        10. 

9.454194 


To  the  Sine  of/O  rf'47®. 45',  South  Latitude,  —    9.869529 
The  Angle /O^/ may  be  meafurecl  by  Prob.  53. 

•  * 

Prob,  103.  Tbi  Latitude  tf  the  Place  51° .  32'  Nerthy  and 
the  Altitude  of  the  Sun  at  Six  0' Clock  18*^.  9%  given^  to  find 
tke  Sun's  Declination  and  jfzin^th. 

Conftru^ion.  Wit^  the  Chord 
of  60^,  dr^w  the  Meridian. 
H  Z  R  N  ;  draw  the  Horizon 
HOR,  and  the  Prime  Vertical 
Z  O  N  at  rieht  Angles  to  it  i 
l^y  51^.32  ,  the  Latitude, 
from  H  to  P,  and  from  R  to 
Ss  draw  the  Axis  P  O  S,  and 
at  right  Angles  to  it;  draw 
^  O  Q^  the  iEquinoiSlial ;  lay 
\i^  •  q  from  R  to  ^ ,  and  from 
H  to  ^  ^  then  lay  the  Half- 
Tangent  of  18° .  9'  from  O  to 

r,  and,  by  Prob.  17,  draw  b  r  a^  the  Parallel  of  Altitude, 
interfe£ting  the  Axis  in  0,  the  Place  of  the  Sun  at  Six 
o'CIoclc;.  then,  by  Prob.  17,  draw  the  Azimuth  •  Circle 
Z  @|N,  interfering  the  Horizon  in  B,  and  forming  the  rigtft- 
angled  Triangle  0  O.  B,  righjt*ang}ed  at  B  ;  in  which  is  given 
B©  18-^.9%  and  the  Angle  at  O  51^.32',  to  find  the 
Hypodienufe  O  0,  the  Sun's  Declination  ;  this  is  an  Extreme 
dis)un(5t,  and  the  Hypothenufe  is  one  of  the  Extremes  ;  where- 
ibre,  by  Lord  Nepier's  fourth-Rule,  and  its  Note,  Page  266, 


As  the  Sine  of  (g>  OB,  51'' .  32', 

b  to  the  Radius,         ■ 

80  is  the  Sine  of  B  0,  i8''.9% 


Co.  Ar.  0.106255 

—  10. 

-  9.493466 


To  the  Sine  of  ©  O,  23** .  27%  the  Declination,      95997^^ 

The  Dedinatioii  is  North  23°  .27";  and  the  Hypothenufe 
tpxy  be  mea&red  by  Prob.  43,  Cafe  i. 


S  f  2 


To 


$16  MJTHEMAtJCS. 

.  To  find  the  A^hnuth  from  the  Eaft  or  Weft  Fotpt  of  tba 
Horizon  :  We  have  the  fame  Tilings  given,  to  finj  the  Bale 
B  O,  which  is  an  Extreme  conjund,  and  ^  0  is  tt)e  middle 
Part  i  wherefore,  by  Lord  Nepitr'i  firft  Kuk;  ancf  its  Nitty 
Page  265, 


As  the  Radius 


■pM 


10, 


9.9660I7 


Is  to  the  Tangent  of  B  ©,  18* .  9%       -r- 
So  is  the  Co*t^qgcnt  of  ®  O  B,  51^.  '^it\ 

To  the  Sine  of  BO,  15** , 6',  iU  kzvMAi     -^    44'17^'l 

The  Azimuth  is  15 0.6'  from  the  Ea^or  Wcff,  North- 
ward ;  and  the  Side  B  0  may  Se  piealured  by  t^rob<  431 » 
the  former. 

■ '        » 
Prbb.  ic^.  The  Sun's  lieclinaH$n  12^ .  58'  Nottlh  ^^^  ^ 
jhimuih  at  SiJf  o'Clock    ic8°  .  4.6'  frM  the  MerUl^n,  tr 
^8°.46'  freht  the  Eaft  Point  of  tie  Hiri^H  Nir^mrii 
givenj  to  ft4d  tkk  Latitude  t^  the  Place. 

Conftru^im.  tVuh  the  Chord 
of  60°,  dravf  the  Meridian 
JEPQJi  draw  iE  O  Q.thc 
iEquinodial,  and  P  O  S  the 
Axis  at  right  Angles  to  it; 
by  Prob.  61,  draw  a  (D  h^  jjp 
the  Parallel  of  Declination, 
22 ®  •58''  from  the  ^qui* 
i;iodial,  jnterfefiing  the  Axis 
\p  ®  9  by  Prob.  59,  draw  ai\ 
oblique  Circle  thro'  the  Point 
®,  to  maJDe  an  Angle  of 
71** .  14'  (the  Cpmplement  of 

jS''  .ify\  the  Atimuth  fronl  tfcc  Prip*  Vertical)  with  tk 
primitive  Circle^  interfering  i.t  in  the  Points  Z  and  N,  tbi 
Zenith  and  Nadir  of  the  Place ;  then  tkaw  Z  O  N  the  Prioft 
Vertical,"  and  H  O  R  the  Hori2;on  at  right  Angles  to  it, 
Qitcrfeding  th«  oblioue  Ciicfe  Z  0  N  in  A,  and  formiflg  ^ 
right-angled  Triangle  O  0  A,  right-angled  at  A ;  in  which 
is  given  th^  Hypothenure  O  0  2i''.s6\  miAtbiBkkO\ 
18*?  .4^;,  to  find  the  AngTe  H  OP^  the  l-atntide  ^  *« 
^lace  i  which  i^  an  Extreme  conjunA.  and  th^  Angle  at  0  is. 


the  middle  Part ;    wherefore,  by  Liord  Nepierh  firft  Rulcp 

As  the  RaiKus,  -    ■!  *  '^'  ■   »  lo. 

Js  to  the  Cortangcjit  of  O  ® ,  22^,  •58',  -^  1 0,37 2851 
5o  b  the  Tangent  of  O  A,  1 8**.  46%        — ^^        9*S3i^96 

To  the  Co-fine  of  ®  O  A,  36* .  /^z^  North  Lat,.     9.904047 
The  Angler  at  O  may  be  meafured  by  Prob.  53* 

PrcJb.  idj.  Tie  Suns  Jzimuth  at  Six  §<Claei  l^** .  55' 
North  c/the  Primi  FirticaL,  and  bis  Aititudi  I7** .  S7'j  givtm% 
^ofind  the  Latitude  of  the  Place. 

Cenflruiflm*  With  the  Chord 
of  60^,  draw  the  Meridian 
H  Z  R  N  ;  draw  H  O  R  the 
Horizon^  and  Z  O  Ij^  the  Prime 
Vertical  at  right  Angles  to  it  ^ 
lay  the  Altitude,  17^.  57'*  ^oxtk  ^1 
R  to  a^  and  from  H  to  hy  and  ""I 
draw  the  Parallel  of  Altitude^ 
tf®*,  by  l*rob,6i,  at  17*^,57' 
pittance  from  the  Horizon^  in- 
terfe^ng  the  Prime  VcrtioJ  in 
®i  through  ®,  and  the  Cen- 
ter O^    draw  the  right  Circle 

PSrOS,  the  Axis  or  Hour- Circle  of  Six,  which  &>rais  the 
right-angled  Triangle  ®0  A^  right-angled  at  A ;  in  wbkli 
9  given  the  ^afe  A  O  14-^  •  55%  and  the  Side  A  ®  17^ .  Ky\ 
to  find  the  Angle  A  O  0,  the  Latitude  of  the  Place ;  wfaki^ 
i«  an  Extreme  conjund^  and  the  Angle  at  O  is  one  of  the 
Extremes ;  wherefore,  by  Lord  Nefier's  teoood  tiuk,  ^od  iti 
Ngie^  Page  266^ 

As  the  Tafrgent  of  ^9  A,  17* .  57  »      —    0^  Ar.  0.489515^ 

Is  to  the  Radius^         ■  ■     ■   ;  >■         lo. 

So  is  the  Sine  of  A  O,  14®  •  55' ,  '  .■  9.410632 


mm 


To  the  Co-tang,  of  AO  0,  ^i^.yi^j  North Ltt.    9.900147 

The  ^iven  Declination  being  North,  and  the  Sun  being 
abaye  ^e  ticnrizon  at  Six  ^'Clocky  tbe  Latiuide  ia  51^  •  jsT 
|^orth«    The  Angle  at  O  may  be  m:aturcd  by  Prob.  53. 

Profr. 


Si8 


MArHEMA'TICS^ 


Prob.  io6.  The  Sun  being  due  Eafl  atfeventeen  MUutes  pqH 
Eight  in  th  Mornings  and  his  Declination  19^  .  57'  North ^ 
givirif  to^find  the  Latitude  of  the  Place. 

Cof^rueiion.  With  the  Chord 
of  60^,  draw  the  Meridian 
JE  P  CLS  ;  draw  iE  O  Q^the 
iEquinbaial,  aiid  POS  the 
Axis  at  right  Angles  to  it ;  lay 
19°  .  57'  from  iE  to  tf  and 
from  Q^  to  *  ;  ;ilfo  lay  the 
Half-Tangene;  of  19° .  57'  on 
the  Axis  from  O  to  Cy  and,  by 
Prob.  17^  draw  the  Parallel  of 
Declination  a  c  h  i  fubtrad- 
ing  eight  Hours  andi  feveate^n 
Minutes  from  Twelve  o'Clock, 

or  Noon,  there  remains  three  Hours  and  focty-three  Minutes 
for  the  Time  the  Sun  wants  of  coming  to  the  Meridian 
^PQ^S;  convert  this  throe  Hours  and  forty *> three  Minutes. 
into  Degrees  and  Minutes,  by  allowing  15*  to  an  Hour,  and. 
15^  of  the  Equinox  for  one  Minute  of  Time,   and  it  is 

5S**-45'>  W»  '^y  Prob^  42>  Cafe  2,  this  55^.45'  on  the 
Equinox  from  Q^to  D,  and,  by  Prob  17,  draw  the  Meridian 
P  D  S,  interfering  the  Parallel  of  Declination  a  c  h  in  ®, 
which  is  the  Sun's  Place  at  the  given  Time ;  then  thro*  the' 
Point  0  draw  the  right  Circle  Z  0  O  N,  which  b  the  Prime 
Vertical  of  the  Place,  and  the  two  Points  Z  and  N-  are  the 
Zenith  and  Nadir.  In  the  Triangle  O  0  D^  rieht-an^ 
at  D,  given  the  Bafe  OD  34°.  15^  the  Compkment  of* 
C5* .  45'  to  go®,  and  the  Perpcndicnlar  D  ©  19® .  57"^  to 
find  the  Angle  at  O,  being  the  Diftance  of  the  Zenith  faom, 
the  Equinox,  which  is  always  equal  to  the  Latitude, 

This  is  an  Extreme  conjund,  and  the  Angle  at  O,  being, 
one  of  the  Extremes,  may  be  fpund  by  Lord  Nepitr*%  (econjl 
Rule,  and  its  Note^  Page  266, 

As  the  Tangent  of  D  0,  ig"*-  57%     —     Co.  Ar.  0.440Z15 

Is  to  the  Radius,         r  — —         10. 

So  is  the  Sine  of  O  D,  34^ .  15%  ■  9-750358 

To  the  Co-tangent  of  ©  O  D,  32*^  •  49'i     •—      10.190473. 

The 


Of  jytfonanjm  jib 

The  Declination  being  North,  and  the  Sun  being  due  Eaft 
after  he  Was  above*  the  Herizon,  the  Latitude  Is  32^  .  49^^ 
Norths 

The  Angle  at  O^  being  made  at  the  Center  by  tbe  right 
Circles  Rs  O  O  and  Z  O  N,  may  be  meafured  by  Prob.  53. 

If  a  right  dlrcle  were  drawn  at  right  Angles  to  the  rrght 
Circle  X  O  N,  it  would  be  the  Horizon  of  the  Place,  above 
which  P,  the  North  Pole,  would  be  elevated  32** .  49'. 

Prob.  107.  Thi  Sun  due  Eaft  at  forty- fix  Minutes  after 
Seven  in  the  Mornings  and  bis  Altitude  28^  •  53^  at  4he  fame 
7/»f^,  giveui^  te  find  tbe  Latitude  eftbe  Place. 

Cwftru&toni  With  the  Chord 
of  60^,  draw  the  Meridian 
iEf(iS;  draw  =*;  O  CL the 
^quino£lial,  and  P  O  S  the 
Axis  at  right  Angles  to  it  ; 
tbcb  converting'  the  Time  from  ^- , 
Six  o  Clock,  •  one  •  Hour  and  ^1 
Ibrty'fix  Minutes,  into  Degrees 
and  Minutes,  it  makes  oib^.  15^ 
which  lay  from  O  to  B,  by 
Prob.  42,  Cafe  j,  and  draw 
the  Meridian  PBS,  by  PvDb. 
17  ;  then  take  the  Half-Tan- 
gent of  the  given*'  Altitude  28**.  5/  from  the  Scale,  fet 
one  Foot  of  the  Compafies  in  the  Canter  O,  and  with  the 
other  interftfi  the  Meridian  P  B  S  in  the  Point  0 ;  thro'  the 
Point  0  draw  the  right  Circle  Z  ©  O  N,  the  Prime  Vertical 
of  the  Place,  which  completes  the  Triangle  O  0  B,  right- 
angled  at  B ;  where  we  have  given  the  Hypothenufe  O  0 
a8** .  53',  and  the  Bafe  OB  26° .  30%  to  find  the  Angle  at 
O,  the  Latitude  of  the  Place. 

This  is  an  Extreme  conjund,  and  the  Angle  at  O,  being 
the  middle  Part,  may  be  found  by  Lord  Nepier's  iirft  Rule, 
and  its  Note,  Page  265  : 


T<[ 


As  the  Radius 


10. 


Is  to  the  Co-tangent  of  O  0,  28'' .  53' , 
So  is  the  Tangent  of  O  B,  ze** .  30', 


To  the  Co-fine  of  0  O  B,  25 

Therefore  the  Lacitude  is   25 
North  or  South. 


^20^ 


20' 


10.258336 
9^697736 

—        9.956072 
and   may  be  Either 

Prob. 


Prdb.  idt.  S%#  Sun  iiing  i»  «k  M^iwaOUl^  Ms  JkmHt 
24«  .  2'  at  frotntun  Minutes  after  Om  e'CUci  m  ibt  j^- 
-want  poin^  to  ifind  the  Latimde  ifnbe  IVau. 

^Cenfiruaicn.  With  ithe  Chord 
«f  '60,    diaw    the   Mciidiaa 
lEs  P  QS';    draw  the  ^ui- 
noaial  JEOQj,  and  POS  the 
WVxis  at  aight  Aiig}tt  <o  it ;  'hy 
JPiob..^»  NCafe  a,  ifaty  19*^.15' 
(that  is,  one  Hour  .aod  :iefei>» 
teen  Minutes,  the  Time  from 
Noon )    on    the    ^quinoAial 
from  Q^'to  0,  and,  by  Prob. 
17,    draw  ihe  oblique  Circle 
P©^;    then,    by  Prdb.   59, 
draiw  an  oblique  Circle  thro'  the  Boiiiti®,  :tD^fmil»'tmtAt^ 
4>f;24''.2%   thejgiven  Aftimutb,  with  the  iMoiidimi,   ivm" 
feaing  it  in  the  two  Points  ZMd:N,  ihe^ZonilliMidNldKr 
of  the  Place ;   draw  Z  O  N  the  "ftime  VierlM,    M^  dke 
Horizon  HOiR  at  right  Angles  to  it,) inter fedtog^tkeieWfe 
Circle  Z  0  N  in  a,   and  fomjng  .the  righttajigW  .iptaSM 
Triangle  O  0tf,  right-angled  it.tf ;   in  Airhicbiis  gmn^ 
Hypothenufe   O  ©  70^.45',  .the  '.GonipfeoMRt  rof  *©Q^ 
I  the  Time  ^fibm  Nood,   aaid  the  ;Bf(le  0«mi  -6$"..  fS'y  rlhe 
Complement    of    the  given   Asoointfa,  xo  -ifinri  the  .Affflle 
®  O  tf,    the  Com[>lemont  of  Z  O  Q-,  tthoilviiitele  ^f^dc 
.Phceibught. 

This  is  an, Extreme  cenjund,  aiid.the.Aiigle3RtjO,lhcJig 
tber  middle  Part,  may  he  fouad  by  :Lord  Nepiefis  Sr&MtiPi 
.and  its  A&rr^.  Page  Z65 : 

^A$  the 'Radius        ■  ^ «        *io. 


Is  to  the  Co- tangent  of  O  © ,  70® .  45' ,        -fc-       9*543094 
So  is  the  Tangent-ofJOt^,  65*^  •^5^%       .  — —       .10,350737 

tPo: theiXiJo-fme  of  ® ,0  a,  38* .  27',  the  Com-  -i     Q^j^g-i 
\ptemcnt  of  Latitude,  ■  — —        li^«^93W 

Therefore  the  Latitude  is  .5 1*..33^ either  North, or iSouth^ 
as  the  Obfervation  is  made  either  on  the  .Nprth  ,or  &iiHk 

2  Skit 


:  1  ■0/4Mw»^         *  ^1 

Side  oFthe  MtfdaBxVbm  the  F^urt  u  here  made  for  North 
Latitude. 

TJie  Angle  at  O,  being  made  at  the  Pole  of  the  primitire 
Cird^  nsf-V  mearurcd  by  Prob.  47.  If  it  mre  required  ts 
fisd  the  Attitude,  .the  lime  Parts  bang  given,  the  Perpen- 
dicular a  ®  nay  bc-loiiiid  by  Lord  Nepier't\fi»nttb  Rule,  and 
its  Nuif  .Page  266,  a».tbe  required  Perpendicular  it  oae  of  the 
ExtreoKs  disjund. 

Having  gone  tbfo^  -the  prinaiiial  AftroaoqiioBl  Probleim 
fcltabis  by  rightrai^gM^.  fphcrical  Trigonometry,  t  flull  now 
add  Ibmff  ufeAiI  Pioblani  ia  obliqoe  Trigonometry. 

Prob.  log.  Tht  Latttuit  »f  tbt  Piaa  ji'  .  32'  Ntrthy  tht 

fivtm,  tifihd  bis  JhamHw. 


Sua's  DteliiuiUM  ai' .  4.7'  Ntrtht  and  bis  JUitudt  49° .  29', 


C<i9?r«9tM .  Wl^  the  Cbosd . 
of  60°,-  dnw  the  ;  Meridian 
H-ZftN}  dMW  HOR  the 
Hofizon,  and  at  right  Angles 
to-  it  Z  O  N  thr  Prime  Ver- 
tical; Ixy  51**.  32',  the  Lati- 
tude, from  N  to  .£,  and  from 
Z  to  q;i  tfain  dnw^JBO  Q, 
tfae  .Aqaioedfal, '  and  at  'figlu  ■ 
Angtet  to  it  POJi  tbeAj&i 
by  Prob.  6r,  drav  tbe  I^r^M 
(rf^  Declination  «rfr,  H'2a°f4if'  ' 
Diftance  from  the  /Equiqodw ;        '    ' 

and  the  ParaHd  of  Altilude  ^k/,  «  49* .  29'  Difttnce  from 
tfae  Horison,  interlefkiag  the  Parallel  of  DcdinatiBD  a«^in  ®, 
the  Sun's  true  Place  (  dlrough  wbitlh,  by  Prob:  17,  draw  the 
Meridian.  P  <9  S^  and  the  Aumuth-Cifde  Z  ®  N  at  right 
Aq^  to  it,  which  will  completa  ififc  oUiqiie^feneled  TriHigl* 
'Z®.P;  in  which  is  given  tbe  Side  Z®  4q«,31-,  the  Cota- 
.  plement  of  tbe  pren  Altitodc,  the  EHd«  P2  38".^?',  the 
Cofflpkment  of  the  gifeo  Latitade,  rind  th«Side  P®  67".  13!^, 
the  Diftance  of  tlte  Sua  from  theckvited  Pole,  which,  in  this' 
Caic,  ••  the  .Complement  of  the  given  DecKnaibn,  to  6nd 
the  Angle  P  Z  ®,  tbe  SsA'e'AxlMUb  ftea  tbe  N«tth  Part 
of  the  Meridian.  ' 

Ham  Are  the  Uiree  Sides  gitn  to  find^on  An^,  which  may 

be  dooe  by  Piob.  90,  where  w«  bMt  >flMWD  ttie  Solution  '«f 

T  t  «hi« 


\ 


Hm  fraUon,  both  ^  letting  fill  «■  P«rveaii|iibr,  thd  lib 
hj  a  Method  without  a  Perpendicalar,  as  fclknrs : 

r 
■  ■  '  "  * 

l^T  ^40   .  31  Z0*  3«   .  at  ZPfobtiaa. 

r "       1.67  .  13  0  P.  <«"  i  —  •■■    • 

■11  I-  I      '  •  •  •  34  •  3*  Kemuate. 
146   .  12  Sum* 


7j  .    6  Half-SuiB.    •      "TS* .    6'  ffclf-Soai. 

40  .  3k  Z  ®  fltbtna 

rt   I    I    I  ■ 

32   •  35  Reaaiiider, 


<  « 


Sint  of  34*.  %V  —  *—       9*7S459$ 

Sine  of  3a  .  35  — —  —        9.731^06 

Sine  of  3t   .28         — ^-«  Ct^  Ar.  0.fto6iM 

Sine  of  40  »  3i  ■"■  "^^  Go. An 0.187308 

i9,879«77 

SiQf  of  60  4  29       •^-~        **—       ^.•939638 

lyhitb,  being  ^dbubkdy.  gi^c»  lftQ''^.  98'  Ibr  tho  Aog^ 
PZ^^  ^  Gun's  AdflEMtth  fconifafc  Notth  Pm  of  die 
Meridian ;  add  thiv  Mug  fvbcisifiHl  from  iSo*»  the  &e« 
mainder,  59"^  «^'',  k  the  Sutt'i  Aeinl«tli  fiom  the  South, 
being  the  Atfgle  R  Z  O^  which  ii.faidc  at  tlK  Fer^henri 
and  may  be  meafored  bjr  Prob4,|4. 

in. tbc  fayie >f;^nv mxfji^  An^e atP be feimdy  whidi 

is  the  Tipie  from  Noon^.  TJm  tw>  oootaiainc  Sides  in  tte 

Calf  will  bf  F  Z  and  P  ®|  Che  ArilbaMical  CouipleoMits  o( 

their  Sinas  added  to  the  Sines  of.  the  Hatf^m  aod 

^asbefere:  TheHalfof  tbttSomwill  betbeSineof  «B«.3S^ 

.whq(cDoub^.37<'.jo%  ktbeAq^ZP©  or  QP0,  die 

,Tii;ne  from  Noo^i  wUdi^  bang,  can  verted  into  Tisoe,  is 

^  two  Hquni^  .twcmjr-etgbt  Mi«iteB»<  and  forty  Seconds ;  the^^ 

.fore,  if  it  were.  10  tbs^  Forenoon^,  ic.b  thirty-one  Mintttes 

.  ajid  .twenty  So(M^  after  Nine  o-Ctack$  but^  if  in  the  AfRf* 

^nppn,  tM^enty-e^iMtOMiesiuidiKiyS^ 

Thus  this  Triangle  contains  the  Complement  of  the  Ijay 

jiide  initbe  Side  ?  Z^mtA  the  C^Bfd^nent  of  theSnn's  Ik- 

diii^tipti  in  the  Sid^  tJS^.  wtea  tfasDeaUnatioii  and  Latitodc 

.  .  J  2  •    .  .        '  arc 


4rc.l»o(b.jthf.  bm^  as  in  the  prefent  Qafc;.  but,,  if  the  D^ 
<^mation  anJ  Latitude  are'»  one  Nprcb,'  the  other  South,  thea 
tho  Side  P0  wiU'be  tl)c  Suo's  Declination  addbd  to  90^,  as. 
may  be  feea  by  drawing  ^  P^^cl  of  Declination  on  the 
contrary  $ide  ot  the  ^quinox>  as  s  r  i;' for,  in  that  Cafe, 
the  Suii's  Place  will  be  at  /?,  and  the  Side  P  r  is  the  whole 
Quadrant  P  m  more  tbaA  ^he  Declination  u  r.  And,  as  the 
Angles  at  Z  and  Pare  the  Sun's  Azimuth  and  the  Hour  of  the. 
Day^  this, one  Triangle  is  fufficient  to  folyc  all  the  ftyer^ 
Probleovs  ;w:berei|i  threi?  of  tbefe  five  Parts  are  given  to  find  the 
dcW  two.  The  Mf^tftod  of  projcSing  the  Triangle  and  find- 
ing the  required  Parts,  ih  all  the  dilFerent  Cafes  that  can  be 
put,  may  be  found  in.  the  Problems  of  oblicpe-angjled  fpherica| 
Triangles,  from  Prob,  80  to  Prob.  9;  inclulivc,  ^ 
.  But,  aa  fome  of  thofe' Cafes  requk^e  the  primitive  Circle  to' 
be  the  Azimuth  or  Meridian-Circle,  on  which  the  Sun  is,  and 
not  thA  Meridian  of  the  P)ace,  i;  will  be  proper  to  give  au 
£xami^  in  each  of  thofc  XJafes  -,  f6r,  wh^n  a  given  Side 
^dJHns  t9.a  givm  Anglix  tlffi*  Si4f.  mufl  ajv^ajs  be  laid.M  tb^ 

Pi-obi  iio.  The  SiifTs  Peelioatioa'zx^  .sV  ^^rih^  and  bit 
Jltitude  14**  •  36'  4tf  fbrei  Miouies  ^Jt  Twi  fChck  in  the 
Mtermim^  given^  U  find  the  Latitude  of  tbi  place :  (Sttppoje 
ceutb  Latitude). 

Here  are  two  Sides^  vizi  the  Declination  added  to  QO^,  (the 
Latitude  and  Declination  being  contrary  Ways)  112^.54'; 
and  the  Complement  of  AUiiide,  75*  .aV,.  with  the  Time 
from  Noon,  two  l\wx%  ind  three  Minutes  \  whidi,  being 
converted  into  Degrees,  h  30"* .  45%  the  An|le  oppofite  one 
6f  tbe  Sides  given,  to  nfid  the  third  Sjde,  bem|  tfa^  Comple* 
ment  of  tbe  Latitude. 

Canjrufien.  With  the  Chord, 
of  60  ^j  draw  the  Meridian 
>E,SPq^;  draw.  4&0-Q,- the 
^qoinoj^  aitiSQP  the  Axis 
at  j.ight  Atiglai  to  it  i  wi  the- 
latitude  is  South  and  Dedina-    •» 

tion  North,  lay  aa^'.sV  fr<>fl^. 
QjLa  @,  whicl>  wiU  bt  the  Sun'a 
Place,  and  tbe  Side  S  ®  wUl  he. 
the  Sun'a  Difboce  from  tbe  vifi- 
hle  Pole,  or  bis  Dedinatipn  added 
to  90?  i  by  Pigb*  48^  draw  an. 

Tt2  (Dbfi^lB 


A 


^ 


I    % 


^24        mathematics: 

oblique  Circle  S  Z  B  P,  to  make  ah  Angle  >^ith  the  pr&hltife 
Circle  of  30^.45'  at  the  Point  S^' and  SZBP  will  be  the 
Meridian  of  the  Place ;  lay  75^  •  24^^  the  Complement  of  Al- 
titude^ from  0  to  ^9  and  from  0  to  ^;  then  draw  thePanlUof 
tbeSun*$  Altitude,  tf%  ^9  at  75^*^4^  from  the  Point  0,  inter* 
fc£ling  the  Meridian  ifi  z,  the  2ehif  h  of  the  Place ;  and  ah  oUique 
Circky  being  drawn  from  the  Point  <^  thro'  the  Point  z,  will 
be  the  Azimuth-Circle  on  which  the  Suii  i^  ^^  oompletei 
the.  oblique-angled  Triangle  S  0  z ;  in  which  we  have  gifcfl 
the  Side  S  0  112'' .  54%  the  Sun's  Declination  added  to  90% 
or  his  Diftance  from  the  elevated  Pole,  the  Side  ®  z  )5*. 24', 
the  Complement  of  the  given  Altitudcj  and  the  Angle  at  S 
30**.  45',  the  Time  from  Noon  coinverted  into  Degrtes,  fSc- 
to-fiqd  the  Side  S  z^  the  Diftance\>f  the  Zenith  ftomtbe 
vifible  Polo,  bebg  die  Complement  .of  xhe  Latitude  of  the 
Place/ 
.   Here  being  two  Sides,  with  an  Angle  oppofite  one  of  dicm, 

fiven,  to  find  the  third  Side,  it'  may  be  done  by  Prob,  8; : 
or,  if  a  Perpendicular  be  lei'  fall  from  the  End  of  the  given 
Side  S  0  on  the  Side  S  x,  by  drawing  an  oblique  Circle  froo 
the  Angle  at  0  thro*  p  the  Pole  of  the  Meridian  Sxff  '^ 
will  interfea  the  Cude  S  z  P  at^  right  An|les  in  B,  and 
thereby  form  the  tVp  rigbt-ansled  Triangfes  SB©  anl 
z  B  0,  both  right-angled  at  B ;  m  tlie  former  of  which  are 
given  the  Side  §  ©  J 12"* .  54',  and  the  Angle  at  S  30*;4i'» 
to  find  the  Pcrp^idicular  B  0  ;  which  i^'^n  Extreme  dlsjuufi, 
gpd'che  required  Perpendicular  is  the'inlddle  Part ;  ihcrefoie 
it  ropy  be  found  by  Lord  Nipier^9  third  Rule,  and  its  Ai*i 
Page  266 :  But.  as  the  Side  S  0  is  qpore  than  a  Quadrant,  ve 
omft  take  the  ouppletmetit  of  it  to'  J 80%  which  is  67^*61 
and  the  Proportion  will  be^ 

•  » 

As  the  Radius        '■  '       >  ■  ■    '  '  10. 

Is  to  the  Sine  of  the  Supplement  of  S  0,  (}  "* :  6\      9964347 
So  is  the  Sine  of  B  S  ©,  30* .  45%  .      9.70*670 

iTo'the  Sine  of  B.®,  28* . 6',  '  'r  9.673817 

J^y  the  fame  Parts  giyen,  to  find  the  Side  SB,  is  an  Extiene 

conj«4;iA,  and  pne  oC  the  Extremes  required ;  which  niy  ^ 

found  l>y  Jtord '2\5^iVr*s  fecond  Rule,  and  its  Nrtij  Page«6*' 

Only  obfcfvcj*  4hat,  in  this  Cafe,  it  will  be  the  Supplcmot 

^of  tlij^  Side  S  B,  which  will  be  found  by  Calculation : 


At  tilt -Cd-tsmgeiitTof.  the  Supplement  of  Irv,  Ar  «  o^^-**.^ 
.  SO,  67^-6^        ^  —^  JCo.Ar. 0.374259 

Is  10  the  Radius,        — -—  ■  10. 

So  is  the  Co-fine  of  B  S  0,  30** .  45',        9*93419? 


M>i«^ 


To  the  Tang,  of  the  Supplement  of  S  B,  63^ .  ^\  10.308458 

WbiA,  being  rubtraded  from  iSo*',  gives  S  B  116^ .  riO 
Then,  in  order  to  find  S  2;,  the  Complement  of.  Latitude,  we 
muft  find  the  Side  B  z  of  the  right-angled  Triangle  x  B  ® ;  in- 
which  we  have  given  the  Hypoihenufe  0  x  75"^ .  24^,  aodihoi 
Perpendiottiar  B  0  28^  *  6^,  by  which  either  of  the  obKqus 
Angled  may  i)e  found,  as  the  Angle  at  % ;  which  Js  an  Extreme 
d^jUnd,'  and  one*  of  the  Extremes .  required  j  therefdre,  bjr 
Iiord  N^gr's  fouftbHuIe,  and  its  JN^r^^Pagje  266, 

As  the  Sine  of  0  x,  75* .  24',        — —     Co.  Ar.  0.014255* 
Is  to  the  Radivs,  '  ■■  10.   •  •  • 

So  is  the  Sine  of  B O,  28*.  6%  — ^-^ —  9-673033 

- 

TotfaeSineof  B20,  29^.8^  ■  '  ■      9.687287 

Having  found  the  Ahgle  at  z,  widi  that,  and  the  given 
llypothenufe  0  x,  'the  Side  B  z  may  be  found  by  Lord 
Nipier^  fecond  Rule,  and  its  Note^  Page  266 ;  being  an  Ex- 
treme conjunft,  and  one  of  the  Extremes  required : 

As  the  Co-tangent  of  0  z,  75® .  24%    *—   Co.  Ar.  0.584225 

Is  to  the  Radius,         ■     ■     '      ■  — -         jq. 

80  is  the  Co-fine  of  Bz  0,'  29' .  8^,        *-—         9-941258 

To  the  Tangent  of  B  z,  73* .  24',        —         1 0.525483 

Whi^,  being  fubtiraded  from  the  before-found  SB  ii6''.f  1% 
IttvcB  S  z  42® .  47^,  the  Complement  of  latitude ;  and  thar, 
being  fubtraAed  Irom  90*,  leaves  17^ .  13^  South  Latitude, 
foug^. 

If  the  Sun's  Azimuth  had  been  required,  the  Angle  at  z  ii 
the  Azimuth  from  the  South,  which  we  have  found  to  be 
29^.8^;  whofe  Supplement  to  180^  is .15 1^.5 2%  the  Sun's 
Azimuth  from  the  Korth  Part  of  the  Meridmn. 

Prob; 
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Prob*  III.  The  Altitude  0f  ibe  Sun  11  •.45', 
ihH  23* .  2b'  Norihy  and  his  Azimuth  frdm  tbe^wib  St®  .  16% 
^Pw«>  iafind  the  Latitude  of  the  Place, 

.  Here  the  Side  reprefenting  the  Complement  of  the  Altitude 
j$  adjomisig  to  the  Angle  of  the  Azimuth  i  thereibre  the 
primitive  Circle  wil(  be  the  Azimuth,  on  which  the  Sun  is  at 
thalTiaie. 

#  * 

•  Cmfiruatm,  With  the  Chdrd 
of  60%  Jl-aw  the  Azimuth-Circle 
U  Z  R  N  ;  thro*  which  draw 
H  O  R  and  Z  O  N  at  right 
Angiosy  for  the  Horison  and 
Piiovs  Vertical ;  by  Pnobr  48,  ^1 
draw  an  oblique  Cirde,  Z  DN,  ^1 
to  make  an  Angle  of  62^  •  i6\ 
equal  to  the  given  Azimuth^ 
with  the  primitive  Circle  in  the 
Foim  Z,  and  X IXH  is  thp* 
Meridian  of  the  Place ;  lay 
tS^  •  ts'i    <he  •  Complement  pf 

the  given  Altitude,  from  Z  to  0/ which  will  be  the  Sun'ls 
Place  at  that  Timci  ^ihco  lay  tb^.^i^^  the  CompWment of 
the  Sun's  Declination,  both  Ways,^  from  Q  to  tf  and  i,  an^ 
draw  the  Parallel  §ribe,  Sun's  Decl|nacioa  4  P  ^,  iotcrfoSing 
the  Meridian, in  P  anjd j> i  thro*  either  of  thefe  Points  an4 
Z  N,  draw  the  oblique  Circle  ll  P  ©,  (or  H^  ©)  which  will 
complete  the,  Tr^anglp  Z  ®  P^  (or  i»<^  p)\  in  either  of 
thefe  are  siven  the  Sidp  !Z  ®  jyS^.  x£^«  the  Corapleoient  of 


^ , ,^   ^   -  *.     ,  ^-rr  >  the  Coroplcmeot 

^  Declination,  and  the  Angle  at  2  62^  .16^,  the  Sun's  Azi- 
mutb  from  the  ^cxnth^  to  find  the  Side' 2^. P^  (or  (S.^j  tif 
(Ji>fnplement  of  the  Latitude  of  th£  Place. 

,']rbis  may  alfo  be  do^e  by  Prob.  .67  :  A  Perpendjculaf  being 
let  &U  from  the  E^d  pf  the  Side  Z  0  on  the  Side  Z  P,  (or 
Zf)  by  drawing  an  oUi<|Lie  Circle  kovfi  0y  thxo^  r^  the  Pole 
if  the  Circle  Z  P>  K;  will  intcrfeA  it  at  right  Angtes  ill 
the  Point  D,  and  form  the  right-angled  Triang^  Z  0D  and 
P  0  D,  (as  alfo  ^0  D)  all  right-angled  at  D;  in  the  firft 
of  which  we  havf  the  Side  Z  0  78^.  15^,  and  the  Angle  at 
^  62*^  •  16',  to  find  the  Perpendicular  ^  D ;  which  is  ao 
Extreme  disjunS,  and  the  middle  Part  required  ;  whence,  bj 
Iioid  Nepier\  third  Rule,  and  its  Note^  Page  266^ 

A, 


r' 


Ait!*Ra*t»-     '•  ■  '  ■      ■  ■  ■  '-  10/ 


Ii  to  tHe  Sfnc  of  Z  ® ,  78*  .15',        '  — —  9.99080J 

So  b  the  sine  of  D  Z  <!>,  6a*  •  i6%    ^    •— -*        9.947004. 

■  ■  ■ 

Jd  the  Sioc  of  ©  p,  6o* .  4%  .  9'937^0T 

'  Then,  by  the  fame  Parts  given,  to  Snd  the  Bafe  Z  D,  is  ^ 
^trci^ae  conJi|xi£i,  and  one  of  the  Extremes  required ;  wheoce^ 
hy  IdOii  fJepier^i  fetond  Rule,  and  \\»  Npu^  Page  266^ 

As  the  Co-tangent  of  Z  (J),  78^ ;  15^^  .  Co.  An  0.68 1936 
Is  to  the  Radius,         '"    '  '  ■    ■  lo. 

SoistbeCo-fineof  DZ0,  ea'^.te',         ~       9.667786 


•f  * 


;>     >   '■< 


To  Ac  Tangent  of DZ,  65^.55%.       •?—        10,349722 

Thtfiy  in  order  to  find,  the  Side  Z  P,  th«  Com^eoKMof 
liatitude,  we  muft  iirft  find  the  Side  P  D,  the  Bafe  of  tb^ 
rigbt-anded  Triangle  P  0  D  s  in  which  we  have  the  Hypo« 
themifc  P  0  66** .  ^4',  and  the  Pcrpendiculir  © D  64*.  4'. 
by  which  either  of  the  oblique  Angles  may  be  found,  as  the 
Angle  at  P;  which  is  an  Extreme  disjunA,  and  the  required 
Angle  is  one  of  the  Extremes  9  therefore,  by  Lord  NepUr'M 
fourth  Hule,  and  its  Notij  Page  266, 

■ 

As  the  Sine  of  P  ®,  66® .  34',        —         Co.  Ar.  0.037383 

Is  to  the  Radius,  .  ■         ■     '     ■■        jo. 

So  is  the  Sine  of  ®  D,  60*  •  4',         ■  9*937822 

To  the  Sine  of  0  P  D,  70**  •  49',  :-•        9-97Saio$ 

Now,  by  the  Angle  at  P,  and  the  Hypotbenufe  P  0,  given, 
to  find  the  Bafe  P  D,  is  an  Extreme  conjund,  and  the 
required  Bafe  is  one  of  the  Extremes;  therefore,  by  Lord 
H}piir^$  iccond  Rule,  and  its  ^Noti^  Page  266, 

As  the  Co-tangent  of  P  ©,  66** .  34%  Co.  Ar.  0.363081 

Is  to  the  Radius,  ■    ■  ■  10. 

So  is  the  Co-fine  of  0  P  D,  70®  .  49%         »—         9-5x6657 

To  the  Tangent  of  P  D,  3: " .  1 8%  9«879738 

Which, 
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Whicb)  being  fiihtraftd  from  ZlXti?^  55%  bdbfe  fp«fli§^ 
hoLves  Z  P  28^ .  g\  the  Complement  of  Latitude ;  and  that» 
being  fubtraded  from  oo^,  gives  61  *  •  5 1 '  ^^forth  Lttimda .  * 

If  the  other  Triangle,  Z  O  ^,  were  taken,  then  Zp  would 
be.  the  Complement  of  Latitude ;  but,  zs  Zp  in  more  thsA 
a  Quadrant,  the  Latitude  would  be  Soutb. 

If  the  Hour  of  the  Day  were  required,  the  Angle  ®  P  0 
is  the  Time  from  Noon,  which  we  have  found  to  be  75^.57^$ 
t)iis,  being  converted  into  l*ime,  gives  five  Hours>  thres 
Minutes,  and  forty-eight  Seconds ;  fo  that,  if  it  were  in  die 
Afternoon,  it  would  be  three  Minutes  and  f6rty-«ight  Secondi 
pafl  Five  ;  but,  if  in  the  Forenoon,  fifty-fix  Minites  and 
twelve  Seconds  paft  Six  in  the  Morning. 

Prob.  112.  To  explain  the  Solar  System, 
commonly  called  the  Syftem  of  the  World. 

Two  different  Syftems  of  the  Sun  arid  Planets  have  obtaioeJ: 
One  called  the  Ptolomaic^  from  its  fuppofed  Inventor  Claudius 
PtolomAvs,  who  flourilbed  in  the  fecond  Century  $  but 
was  aflferted  by  AriJiotU  *,  Hipparcbus  t>  and  moft  of  the 
antient  Philofophers,  and  followed  by  almoft  the  whole  World 
for  many  Ages  :  The  other  called  the  Ctpemican^  from 
Nicholas  Copernicus,  born  at  Tbem^  in  Prn^y 
in  1473,  ^^  Reviver  of  this  Syftem,  after  it  bad  been  oeg- 
le£bd  for  many  Ages ;  tho'  this  was  antiently  afierted  by 
feveral  of  the  moft  eminent  Philofophen,  particubrlj  bjr 
Pythagoras  §,  and  therdfore  fometimes  called  tbe  Pjr* 
tbagoric  Sj/lem» 

There  has  been  alfo  a  third  Syftem,  xsilled  the  fjck^ 
Sj/lim^  fromTvcHo  Brahk  the  Inventor,  anoUe2}tf«^» 
bom  in  1546  ;  but  this  has  fcarce  been  followed  by  aoj 
Aftronomer  of  Note. 

Of  tbe  Ptolemaic  Sjfiem. 

This  Syftem  is  founded  on  the  Suppofition  of  the  Earlh't 
being  at  Reft  in  the  Center  of  the  Univerfe^  and  the  Sun  and 
Planets  moving  round  it  in  their  fevcral  Orbs :    But  tbcn, 

•  Ariftotle  wu  a  Diiciple  of  Plat»,^  who  w»  bom  416  Yean  bdbre  Cbrill* 
t  Hipparcbui  was  a  Grttk  Aftrononrer^  and  lived  about  110  Yean  bifcce  drii* 
%  FytbMg»ras  was  a  Greek  Philofopher,  and  aourilhed  in  Uie  fixtktb  Oljo^i'' 
that  ii,  about  540  Yean  befbtv  Chrift, 

tbe 
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the  whole  Heavens  arc  fuppofed  to  revolve  nxlitil  the  Earth  fii 
twenty-fotir  Hours ;  which,  confidering  the  immenre  DiRance 
of  the  fixed  Stars,  is  a  Motion  extreme!}'  rapid,  and  feemS 
unneceffary,  fiiice  the  fame  Appearances  are  produced  by  the 
Rotatioil  of  the  Earth  on  in  Axis  in  cventy-rour  Hours. 


In  this  Sydcm,  the  Earth  is  placed  in  the  Center,  and  fuf^ 
pofed  immoveable ;  liext  is  the  Orb  of  the  Mmu^  then  the  Orb 
of  M^curf,  the  Orb  of  Venui  rtext,  Ad  then  the  Orb  trf  the 
Sun  i  next  is  the  Orb  of  Marsy  then  of  Jufittry  then  Saturn^ 
and  the  higheft  is  the  Orb  of  the  fixtd  Burrs ;  alt  vhicb 
are  fuppofed  to  revolve  round  the  Earth,  from  ^ift  to  Weft, 
in  tweaty>four  Hours :  Befides  which  diurnal  Motion,  thtt 
Planets,  in  ihsir  feveral  Orbs,  have  a  Motion  from  Weft  to 
Eaft,  carrying  them  thro'  the  Heavens  in  di&rcnt  Periods. 
But,  as  the  Phenomena  of  the  Planets,  according  to  aftro- 
nomical  Obfervations,  cannot  be  folved  by  this  Syftcm,  it  it 
now  almoft  univcrfally  given  up  by  learned  Men. 


Of  the  Copernican  S^em. 

In  this  Syftem  the  Son  is  placed  in  the  Center,  round  which 
move  the  feveral  Planets,  Mtrcury^  Vtnut,  the  Earthy  Mari^ 


330 


MATHEMA'TICS. 


Jupiter^  and  Saturn  j  thcfc  fix  arc  oXifA  the  primary  PUncUi 
the  Sun  being  the  Center  -about  which  their  Motions  are 

performed. 

The  Earth  being  the  Center  about  which  the  Motion  of 
the  Moon  is  performed,  the  Mom  is  called  a  fccondary  Plancc 
Japiter  has  four  fnch  Moons  moving  round  him,  and  &atun 
five ;  thefe  fecondary  Planets,  or  Moons,  the  Aftronomeis 
call  the  Satellitis  of  Jupiter^  or  Saturn. 


Copernicus^    finding  the  Ptohmaic  Syftem  to  be  void  of 
Beauty,   Ord^r,   and  Proportion,    pcrufcd  the  Works  of  the 
antient  Philofophers,  to  find  if  any  of  them  had  given  a  more 
rational  Account  of  the  celeftial  Motions.    The  firft  Hint  he 
had,    according  to  the  learned  Mr.  Maclaurhij    was  fhxn 
Ciceroj  (a  Roman  famous  for  his  Eloquence} ;  who  lays,  that 
Nicetus^   a  Syracujian^   had  tauehr,  that  the  Earth  cumed 
round  on  its  Axis,  which  occanoned  the  whole  Heavens  to 
appear  as  if  tbey  had  a  diurnal  Motion  round  the  Earthy    Afte^ 
wards,  Copernicus  learned  from  Plutarch^  (a  famous  Grtdn^ 
born   m  the  Reign  of  Claudius j    Emperor  of  Ronu)  tfait 
Philolausj  the  Pyt/nrgoreany  had  taught,  that  the  Eartb  moved 
annually  round  the  Sun.     This  great  Man  immediately  per- 
ceived, that,  by  allowing  thefe  two  Motions  of  the  Eartbf 


Of  yt/honmy.  331 

one  round  its  Axis  in  twenty-four  Hours,  and  the  other  thro' 
the  Heavens  in  a  Year,  all  that  Confufion,  Irregularity,  and 
Di/brder  in  the  Motions  of  the  Heavens,  inexplicable  by  the 
Pt$lomaic  Syftem,  immediately  vaniihed  and  difappeared  :  In 
the  Room  of  which,  a  regular  Difpoiition  of  the  planetary 
Orbs,  and  a  beauti^I  l)armony  in  their  Motions,  appeared 
obvioufly  refulting  from  this  Hypothecs. 

Galileo,  an  illuftrious  Italian  Phiiofbpher,    towards 
the  latter  End  of  the  fixteenth  Century,  diftinguiflied  himfelf 
in  Defence  of  the  Copernican  Syftem,      He  nrft  applied  a 
Telefcope  to  the  Heavens,  and,   by  the  Difcoveries  he  made 
there  with  that  noble  Inftrument,  enlarged  and  confirmed  the 
Cvpirnican  Syftem.     It  had  been  objeded  to  Copernicus^  that, 
if  his  Syftem  of  the  World  v^re  true,  Venus  would  undergo 
the  fame  Changes  and  Phafes  as  the  Moon :   To  which,  for 
Want  of  the  Invention  of  Telefcopes,  be  could  only  anfwer, 
Tbaty  perhaps  the  Aflronomers  w^uldy  in  future  TimeSy  dif cover 
Venus  did  really  undergo  all  thofe  Changes.     This  prophetic 
Conjedure  was  firft  fulfilled,   v^hcn  Galileo^  by  the  Ufe  of  the 
Teieicope,    difcovered   Fenus   under    thofe    feveral  Changes. 
Befides  which,    he  difcovered   th&  mountainous  and  uneven 
Surface  of  the  Moon,  the  Spots  in  the  Sun^  and  his  Revolution 
upon  his   own  Axis.      He  alfo  difcovered    that  fupiter  had 
lour  Satellites,   or  Moons  *,   moving  round  him  at  different 
Diftances,    as  the  Moon  moves  round  us :    But  his  Telefcope 
was  not  perfect  enough   to  difcover  the  Moons  of  Saturn. 
Hstjgensy  in  the  Year  1655,   on  the  twenty-fifth  of  Marcb^ 
with  a  Telefcope  twelve   Feet  long,  firft  difcovered  one  of 
Saturn's  Moons:    Since  that  Time,    four  others  have  been 
difcovered  by  Cajpniy  at  different  Times,  by  Campani's  Glafles, 
in  Telefcopes  of  one  hundred  and  one  hundred  and  thirty-fix 
Feet  long.      At  the  ikme  Time  was  difcovered  a  Ring  en* 
compaffing  the  Body  of  Saturn^  which  is  fuppofed  to  lefleft 
the  Light  and  Heat  of  the  Sun  on  the  Body  of  Saturn^    to 
fupply  the  great  Deficiency  occafioned  by  his  Diftance  froai 
that  Fountain  of  Light  and  Heat^ 

The  immortal  Sir  Is  a  ac  Newton,  the  Glory  of  the 
Britijb  Nation,  was  the  firft  that  inveftigated  the  true  Caufe 
of  the  planetary  Motions:  He  applied  the  Principle  of  the 
univerfal  Gravitation  of  Matter  to  Matter,  to  the  Refolution 
of  the   planetary  Motions.     The  Accuracy  and  Agreement 

*  Whkb  he  ctUed  the  Mtdhten  Stany  ia  Honour  to  the  Name  of  MaUtit,  th« 
Fmadly  of  the  Gxtit  Duke  of  Tufuny,  to  whom  he  wai  chief  Mathtmatid^iit 

> 
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fQund  bjCtwixt  the  Conclufions  drawn  from  the  Theory  of 
Gravity,  with  the  Obfervat ions  of  Aftronomers,  is  a  ratiooal 
and  evident  Proof  of  the  Truth  of  his  Hypotfaefis.  Thus,  by 
one  fimple  Principle,  which  obtains  in  all  Parts  of  the  materia 
World,  are  the  Motions  of  the  feveral  amazing  Bodies  in  the 
Solar  Syftena  performed* 

The  Diameter  of  the-  Sun  is  computed  at  763460  Englijb 
Miles,  whence  the  Circumference  is  2398485  Englijb  MUes: 
It  turns  upon  its  Axis  oqce  in  about  twenty- feven  Days, 
iirhich  is  computed  from  the  Motion  of  fome  Spots  that  appear 
near  the  Edge  of  the  Dilk  or  Face  of  the  Sun^  and  go  over  it, 
and  dilappear  for  about  the  fame  Time  they  took  to  pa&  over 
the  Difk.  If  the  Magnitude  of  the  Planets,  Mercury^  ^«w, 
the  Earthy  Mart^  Jupiter^  and  Saturn^  are  added  into  one 
Sum,  their  Magnitude  would  be  to  the  Magnitude  o(  the  Siui 
as  about  i  to  523. 

The  Planet  next  to  the  Sun  is  AUrcury^  whofe  Diameter 
IS  2460  Engli/b  Miles,  whence  its  Circumference  is  7724 
Miles.  Mercury  is  diftant  from  the  Sun  32000000  Miles, 
the  Circumference  of  the  Orb  is  201024000  Miles,  which  it 
moves  through,  or  the  periodical  Time  is  eighty-feven  Days, 
tweaty*three  Hours,  and  Hxteen  Minutes,  which  is  at  the 
Rate  of  95126  Miles  in  one  Ho^r•  The  Heat  Mercurj 
recetveis  from  the  Sun  is  feven  times  more  than  the  Heat  we 
have  from  the  Sun.  Mercury  is  never  feen  thirty  Pcgrr» 
from  the  Sun. 

Ncitt  to  Mercury  is  Venus^  whofe  Diameter  is  7906  Eng^ 
MileSs  whence  her  Circumference  is  24823  Engiijh  Miles. 
The  mean  Diftance  oi  Venus  from  the  Sun  is  590COOCO  Miles; 
the  Circumference  of  her  Orb  is  370636000  Miles,  which 
Ihe  pailes  over,  or  the  periodic  lime  is  two  hundred  and 
twenty-four  Days,^  fixteen  Hours,  and  forty-nine  Minutes, 
which  is  at  the  Rate  of  68725  Miles  in  an  Hour.  VeMMt 
has  alfo  a  Rotation  on  her  Axis  in  twenty-three  Hours}  and 
receives  from  th^  Sui^  twice  as  much  Light  and  Heat  as  we. 
Venus  is  never  feen  above  forty-fix  Degrees  from  the  Sun. 

The  Earth  moves  in  the  next  Orb,  accompanied  with  the 
'Moon.  The  Earth's  Diameter  is  7964  EngUJh  Miles,  and 
its  Circuniference  25020  Miles,  tho*  tame  make  it  ibmewfaat 
more.  The  JEarth's  mean  Diftance  from  the  Sun  is  81000000 
^ile&j^  2jnd  the  Circumference  of  the  Drb  is  508939200 
Miles,  which  the  Earth  paffes  over,  or  the  periodic  Time  is 
three  jnuibdred  and  fixty-five  Days,  five  Hours,  and  forty- 
nine  Minutes^   which  is  at  the  Rate  of  58064  Miles  in  an 

Hour. 
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Hour.  The  Earth  has  a  Rotation  about  its  Axis  in  twenty- 
four  Hours. 

Round  the  Earth  moves  the  Moon^  wbofe  Diameter  is 
2175  Miles,  and  her  Circumference  is  6834  Miles:  ^er  mean 
Piflance  from  the  Earth  is  24Q000  Miles ;  and  the  Circum-> 
ferencc  of  the  Orb  is  1507963  Miles,  which  fhe  encompafles 
in  twenty-feven  Days^  feven  Hours,  and  forty-three  Minutes, 
which  is  at  the  Rate  of  2309  Miles  in  an  Hour,  The  Moon 
revolves  about  her  own  Axis  in  the  fame  Time,  viz,  twenty- 
f^ven  Days,  (even  Hours,  and  forty-three  Minutes.  BeAdes 
this  Motion  of  the  Moon  in  her  Orb,  &e  is  carried  along  with 
the  Earth  round  the  Sun  once  in  a  Year. 

Mars  moves  round  iht  Sun  next  above  the  Earth,  The 
Diameter  of  Mars  is  4442  Miles,  and  his  Circumference  is 
1 1960  Miles :  His  mean  Diftance  from  the  Sun  is  1230000CO 
Miles ;  and  the  Circumference  of  the  Orb  is  773686000  Miles, 
which  he  encompafles,  or  his  periodic  Time  is  fix  hundred 
and  eighty-fix  Days,  twenty-feven  Hours,  and  twenty-feven 
Minutes,  or  one  Ye^r,  three  hundred  and  twenty-one  Days, 
feventeen  Hours,  and  thirty-eight  Minutes,  which  is  about 
46925  Miles  in  an  Hour.  Mars  performs  his  Revolution  upon 
his  Axis  in  twenty-four  JHours  and  forty  Minutes.  The 
Light  and  Heat  this  Planet  receives  from  the  Sun  is  lefs  by  one 
Third  than  what  we  enjoy. 

This  Planet,  moving  m  the  next  Orb  to  the  Earthy  is 
fometimes  very  near  the. Earthy  and  at  others  at  a  far  greater 
pidance  :  Thus,  when  the  Earth  is  at  a^  if  M^rs  be  at 
rf,  the  Diftance  will  be  but  420000000  Miles ;  but  if,  when 
the  Earth  is  in  ay  Mars  is  at  e,  the  Diftance  will  then  be 
about  2C4OCCOO  Miles  ;  which  is  the  Reafon  that  the  ap- 
parent Diameter  of  Murs  is  five  times  greater  when  the  Earth 
is  at  a  and  Mars  ^t  cf,  or  in  Oppofition  to  che  Sun^  than 
it  is  when  the  Earth  is  at  a  and  Mars  in  e,  or. in  Conjunclion 
with  the  Sun, 

The  next  is  Jupiter^  whofe  Diameter  is  81 155  Miles,  and 
his  Circumference  is  254908  Miles :  His  mean  Diftance  from 
the  Sun  is  424000000  Miles ;  and  the  Circumference  of  his 
Orb  is  2662280000  Miles,  which  he  pafles  over  in  four 
thoufand,  three  hundred  and  thirty-two  Days,  twelve  Hours, 
and  twenty  JV^ifflit^,  his  periodical  Time,  which  is  near 
twelve  Yeil^^^  whence  he  moves  about  25603  Miles  in  an 
Hour.  .-The  Proportion  of  Heat  this  Planet  receive  from  the 
Sun  \i  but  one  thirtieth  Part  of  what  we  receive.  Jupiter 
performs  his  diurnal  Motion  on  bis  Axis  in  nine;  Hours  and 
fifty- fix  Minutes.  Jupiter 
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Jupiter  has  four  Satellites,  or  Moons,  attending  him,  to  fupply 
the  Defe£l  of  the  Suf^s  Light.  The  firft  Satellite  of  Jupiter^  or 
that  which  is  neareft  to  him,  is  diftant  (torn  Jupiur  about 
227234  BngUJb  Miles,  and  movea  roupd  him  in  one  Day, 
eighteen  Hours,  twenty-eight  Minutesi^and  thirty-fix  Seconcb: 
Tht  fecond  is  diftant  365197  Miles,  and  moves 'round  him  in 
three  Days,  thirteen  Hours,  eighteen  Minutes,  and  fifty-two 
Seconds  :  The  third,  at  568085  Miles  Diftance,  moves  round 
him  in  feven  Days,  three  Hours,  fifty-nine  Minutes,  and  fony 
Seconds  :  The  fourth  and  lafl  is  diftant  from  JuptUr  1027949 
Miies,  and  moves  round  him  in  fixteen  Days,  eighteen  Hours^ 
five  Minutes,  and  fix  Seconds, 

Another  Phaenomenon  peculiar  to  yupitefy  is,  that  he  has 
three  lucid  Zones,  or  Belts,  encompafiing  his  Body,  which 
Sir  Ifaac  Newton  fuppofes  to  be  made  in  his  Atmofphere.  In 
thefe  Belts  are  feveral  Spots,  by  which,  it  is  laid,  yupiter^$ 
Motion  on  his  Axis  was  firft  discovered. 

The  higheft  Planet  in  our  Syftem  is  Saturn^  whofe  Diameter 
16  6787O  Miles,  his  Circumference  254908  Miles.  His  mean 
Diftance  from  the  Sun  is  777000000  Miles,  and  the  Circum- 
ference of  his  Orb  is  4881891000  Miies.  His  periodic  Time 
being  ten  thoufand  feven  hundred  fifty-nine  Days,  fix  Hours, 
and  thirty-fix  Minutes,  which  is  near  thirty  Years,  his  hourly 
Motion  is  about  18905  Miies.  The  Proportion  of  Heat  this 
Planet  receives  from  the  Sun  is  about  one  fixtieth  Part  of  what 
we  enjoy  on  the  Earth. 

Saturn  is  attended  by  five  Satellites,  or  Moons :  The  neareft 
is  diftant  from  Saturn  148465  Englijb  Miles,  and  moves 
round  him'  in  one  Day,  twenty-one  Hours,  eighteen  Minutes, 
*and  thirty-one  Seconds  :  The  fecond  is  diftant  190036  Miles, 
and  moves  round  him  in  two  Days,  feventeen  Hours,  forty- 
one  Minutes,  and  twenty-fcven  Seconds:  The  third  is  diflaoc 
271480  Miles,  and  moves  round  htm  in  four  Days,  thirteen 
Hours,  forty. (even  Minutes,  and  fixteen  Seconds:  The  fourth 
is  diftant  610830  Miles,  and  performs  his  Revolution  in  fifteen 
Days,  twenty-two  Hours,  forty-one  Minutes,  and  eleven 
Seconds :  The  fifth  and  laft  is  diftant  1832490  Miles,  and 
moves  round  him  in  feventy-four  Days,  feven  Hours,  fifty* 
three  Minutes,  and  fifty-feven  Seconds.  ' 

The  great  Diftance  of  the  fourth  and  fifth  Satellites  of  Saturn 
has  given  fome  Sufpicion  that  there  was  one  betwixt  them, 
hut  it  has  not  been  difcovered,  notwithftanding  the  Improve- 
ments  that  have  been  made  in  Telefcopes. 

Thefe 
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Thefe  Secondaries,  or  Moons,  befides  the  great  Uie  to  give 
t^ight  to  their  primary  Planets,  have  been  of  fingular  Ufe  in 
folving  two  noble  Problems  in  Philofopby ',  to  determine  the 
Longitude  of  Places  on  the  Earth,  and  the  Velocity  of  Light. 
Roemer  was  t^e  firft  that  made  any  Obiervations  of  this  Kind  ; 
and  he  determined  the  Velocity  of  Light  to  be  fuch,  that  it 
came  from  the  Sun  to  us  in  about  eleven  Minutes;  but  the 
immortal  Newton  has  fince  (hewn  that  Light  does  not  take 
up  feven  Minutes  in  coming  from  the  Sun  to  us. 

Bciides  thefe  Bodies  continually  moving  round  the  Sun^  and 
called  the  primary  and  fecondary  Planets,  there  are  other  Bodies 
that  make  their  Appearance  for  fome  Time,  and  then  difappear, 
called  Comets.  It  is  now  well  known  that  the  Comets  obferve 
the  fame  Law  in  their  Revolutions  round  the  Sun  as  the 
Planets ;  but  then,  as  the  Planets  move  through  the  Heavens 
all  the  fame  Way,  the  Comets  move  through  the  Heavens 
in  all  Manner  of  Diredions, 

The  antient  /Egyptians  and  CbaUeans^  by  a  long  Courfe  of 
Obfervations,  were  (aid  to  be  able  to  predi£t  the  Apparition 
of  Comets ;  but  as,  by  the  fame  Arts,  it  is  faid  they  have 
foretold  Earthquakes  and  Tempefts,  their  Knowledge  firas 
rather  the  Refult  of  Aftrological  Calculations  than  of  Aftro- 
nomical  Theories.  Ariftotle^s  Opinion,  that  Comets  were 
nothing  but  Vapours  or  airy  Meteors,  prevailing  among  the 
Greeks^  brought  this  Part  of  the  celeftial  Science  into  negled. 

But  Seneca  the  Philofopher,  having  confidered  two  remark- 
able Comets  that  appeared  in  his  Time,  placed  them  amongft 
the  celeftial  Bodies,  believing  them  to  be€tars  of  equal  Dura- 
tion with  the  World  ;  and,  tho'  he  was  ignorant  of  the  L^ws 
that  governed  their  Motions,  yet  foretold  that  there  (hould  be 
Ages  hereafter  to  whom  Time  and  Diligence  fhoaid  unfold 
ail  thefe  Myfieries.     Yet  almoft  all  the  Aftronomers  differed 
itom  Seneca  \  and,  by  the  learned  Dr.  Halle/s  Account,^he 
found  nothing  of  Service  in  the  Aftronomy  of  Comets  'till 
1337,  when  the  Path  of  a  Comet  amongfl  the  fixed  Stars  was 
defcribed  by  Gregorius^  an  Hiflorian  and  Aftronomer  of  Con- 
fiantinople.     After  this  another  Comet  was  obferved  by  Regh" 
montanus^  147 2*      ^^^   ^^^  Aflronomers  flill  confidered  the 
Comets  to  be  below  the  Moon:    But,  in  the  Year  1577,  a 
remarkable  Comet  appeared^    whofe  Motion  the  noble  Tycho 
obferved  with  great  Application,  and  tound  that  it  was  mui*h 
higher  than  the  Orb  of  the  Moon^  and  might  be  placed  amongll 
the  Orbs  of  the  Planets.     The  fagacious  Kepler  had  the  Op- 
portunity of  obfcrving  two  Comets,   one  of  which  was  very 

t  m^.    remark- 
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remarkable :  This  great  Aftrdnonfier  concluded,  tbaf  the  Comets 
moved  freely  through  the  planetary  OrbSy  with  a  Motion  not 
much  different  from  a  reSfilinear  one^  hui  of  what  Kind  he 
could  not  prectfely  determine*  Then  Hevelius  obfcrved  the 
Comets,  and^  tbo'  he  embi^c^ed-  Kepler*s  Hypothecs,  yet  com- 
plained his  Calculations  did  not  agree  ^ith  his  Obfei'vations ; 
and  was  a^w^re  that  the  Path  of  a  Comet  was  bent  into  a  curve 
Linej  concave  towards  the  Sun.  ,  But  the  prodigious  Comet 
of  1680  appearing  for  four  Mortths,  its  Motion  was  obfcrved, 
with  the  ucmoft  Accuracyy  by  fhofc  celebrated  Aftrpnomers, 
•Mr.  Ca£ini  at  Paris^  artd  Mr,  Flarhjlead  at  Greenwich.  Not 
long  after  this  the  incompapable  Newtony  writing  his  admired 
Mathematical  Principles  of  Natural  Philofophy^  Aewed  how 
to  dcferibe  the  Orbits  of  Comets  geometrically ;  a  Problem,  in 
the  Judgm^At  of  that  great  AftronoHier  Dr.  Halley^  fearce 
acceffible  to  any  but  hin^lf :  And  I>r.  Halleyy  fdrowil^  bis 
Principles,  has  calculated  the  Orbs  of  twenty-four  Comets. 

The  Orbits  of  CoaAeis  are  ?ery  eccentric  EHipfes ;  I  have 
added  one  in  the  Copemiean  Syftem,  to  give  the  Reacfer  feme 
Idea  of  the  Curve  in  which  they  move^  Mr.  tf^ifton  has 
given  a  neat  Conitruftion  of  the  Sokr  Syfieth,  with  the 
connetiary  Orbs. 

The  famous  Connet  which  appeared  ki  1680  <Mtit  fe  near 
the  Smty  as  to  be  within  a  ilxth  Fart  of  the  Sim^s  Diameter 
from  its  Sur&ce ;  when  it  fuftained  a  Degree  of'  Heat  2S000 
times  greafcer  than  the  Heat  of  the  Sun  upon  oaf  Earth,  and 
might  have  contraded  a  Heat  2000  times  greatefr  than  the 
Heat  of  red-hot  Iron-.  A  Globe  of  red-hot  Iron  equal  to  our 
Earih,  Sir  Ifaac  Newton  has  computed,  would  not  coo!  in  kfe 
than  50000  Years  *,  The  longeft  Diameter  of  the  Orb  of  this 
Comet  Dr.  Halley  has  computed  to  be  about  11200COOOOO 
Miles ;  its  periodic  Tin»  is  computed  to  he  about  5*75  Vcars. 

The  Tails  of  Comets  has  employed  the  Cut ious  to  difcofcr 
their  Caufe  and  Origin.  The  illuftrious  Sir  Ifaac  NeWtom 
proves  that  it  confifts  of  a  Vapour  arifi^g  contimiadly  from 
the  Body  of  the  Comet.  The  Tail  of  the  Comet  of  1680 
was  of  fuch  a  prodigiojs  Size,  as  to  be  extended  from  its 
Head  to  a  Diflancc  fcarcciy  inferior  to  that  of  the  Sun  ftotn 
the  Earth. 

The  Planets  are  fuppofed,  and  very  juftly,  to  be  WorlAs  ; 
but  the  great  Extremes  of  Heat  and  Cold,  which  the  Comets 
fuftain  in  their  Approach  to  and  Recefs  from  the  5a»,  make 

I  *• 

*  Ntwton'i  Mathematical  Principles,  tranflated  by  lAT,MatSt,  Vol.  a»  E.i*«» 


Of  Sr(fms.  'ij7 

iuph  9L.Suppofitiont  with  R^rd  tp  Cxuncc^,  t^ox  fa  prob^fe } 
iho'  ic  is  W x^o  Mean^  unDpifible  for  God  to  ^rc^e  fi«jn|$ 
iubje^  to  luch  L^ws  a$  will  enable  them  \o  Ipeaf  fiiph  a  pnD« 
dfgious  phange  of  Circumft^ces.  But  the  Co^et^  Af^  h 
&r  from  being  the  ^{ef&ng^rs  of  H^fm  to  ^^ijl^i^^ « £y- 
pe£tations  which  n^turgHy  arife  pqt  of  S^uperftiti^n^  f^hd  fg^* 
ranee  of  the  Caufe  of  any  uncommon  Phsenomefi^  tbfi^  i^t 
great  Niwt0n  has  affigned  t^o  very  profa^Ie  an^  i^nportftot 
Ufes  of  Comets :  The  firft  is,  that,  by  their  i^rar  ^od  i?e»ier 
Approach  to  the  St^n  at  every  |leyQlutiQii»  thiry  yi\\\  at  1^  ^11 
into  him,  in  order  to  reftore  the  Wafte  th?^  gre^t  Body  miiitt 
fiiffer  in  fiipplying  the  Syftcm  with  Lighx  ajluj  fieat ;  The 
other  important  Ufe  is,  that^  from  the  ^c^tvHeat  thf^  i^l^!^ 
ip  their  Approach  to  the  ^n^  the  Parts  th%t  fly  off  fropi  ihfm 
are  fo  rarefied  9s  to  fupply  the  Planets  iiKitb  ^  q^ct^ing  ^c 
elaftic  Mc4ium»  ncceflkry  for  the  'pup{i9(i;t  of  ^19^3  4#d 
V^etables. 

nqrond  the  Orbs  of  i^  Pl^n/:!^  ?nd  Coi^f  t^  9t  a^^  Aftnmfi^ 
Diftance,  are  the  fixed  Stiua,  fo  ^aUed  frofn  t))^  |(^9F^ 
the  fame  Diftance  one  from  another.  Thefe  are  at  fo  great 
a  Diiiancfi.  ikoox  m  aa  ro  havftjao  frnfihir  Parallaig|  4te(^^ 
the  Diameter  of  the  Earth's  Orb  bears  no  fenfible  Proportion 
to  their  Diftanc^  fcam  tho  Earthy  \«hence  thfiv  Diftance  ^n-^ 
not  bf  known ;  but,  that  they  are  farther  from  us  than  the 
mFi^oft  FI«Aet«  16  hfiQce  evittot,  fince  Saiufn^  Aa  hMieifof 
th^  PJUoftta,  has  e  confider^te  Parallax. 

It  has  been  a  popular  Qpjnion  jtfaat  the  fixai  Stars  wtr^ 

nvmb^tefr,    t^t  this,   like  mgny  other  vulgar  Notion^   ja 

proved  tp  )bl » .MiAaJf:e»  that  ifi,  widi  Regard  to  tho&  viAUe 

to  the  naked  £ye ;  Igr,  th<>'  th^Nuqpiber  of  Starski  a  Winter^^ 

Nig^  appears  fp  vaftly  g|ce»t,  yot  the  Stars  icen  by  a  good 

.Sy^e  ve  o^uch  fewv  in  Nutnbtr  than  can  be  imagined  :    The 

TwJf^kling^f  the  Stars  dficeive^  wr  Sights  and  makes  11s  tbtefc 

them  more  than  they  are,  as  is  i^idenx  Arom  the  Catalogues 

that  have  been  made  of  them.     Hipparchus  was  the  firft  that 

attempted  a  C^talQgue,  911  QooifioA  9f  a.  new  Ster  that  ap« 

peared  ip,hi8  Time':    Hi>  Catailo^e  <:qAiffted  of  ipf(2  vifiblf 

Stars,  to  which  Ptolomy  added  foi^  roojfe.     The  noblp  Jy£.i/f 

publifhed  a  Catalogue  of  777  from  his  own  Obfervatl^ns.     But 

this  NiKtlbcr  has   been   vaftly   fncrcaffed    by  the  Induftry  of 

modern  Aftronomcrs  ;    Dr.  Flamft^ad*%  Catalogue  amoyrfts  tp 

3000,    but  then  many  of  thefe  are  not  vifible   without  % 

TeJcfcope^ 


35:8  MAfHEMAriCS. 

Yet,  that  the  Stars  are  really  innumerable,  is  evidently 
proved  by  the  Ufe  of  the  1  elefcope,  which,  being  direded  to 
any  Part  of  the  Heavens,  difcovers  great  Numbers  which  are 
invifible  to  the  naked  Eye.  •  In  the  Pleiades^  inftead  of  fix 
or  feven  fcen  by  the  Eye,  Dr.  Hook^  with  a  Telefcope  twdve 
Feet  long,  told  feventy  eight ;  and,,  with  larger  Gkfles,  dlf- 
covered  many  more  of  different  Magnitudes.  Huygensy  lookiog 
at  the  Star  in  the  Middle  of  Orion*s  Sword,  found  it  to  k 
a  Concourfe  of  twelve  Stars.  To  this  we  may  add,  that  the 
'  Galaxy f  or  Milky- Way y  is  now  known  to  be  an  Aflembhge 
^iM^nnumerable  Stars  too  fmall  for  the  Sight. 

If  thefe  Stars  are  all  Suns,  with  Chorufes  of  Worlds  moTing 
about  them,  as  b  jgenerally  fuppofed,  what  an  exalted  Ida 
inuflr  it  give  us  of  the  great  Author  of  Nature?  Without 
fome  fuch  Suppofition,  we  can  fcarce  form  any  Idea  of  the 
Ufe  fuch  a  prodigious  Number  of  vaft  Bodies  can  be  of,  as 
far  the  greater  Part  are,  by  their  immenfe  Diftance,  bid  from 
our  Sight,  and  had  not'  been  known  to  exift  'till  iince  the 
Invention  of  Tdcfcopes  in  the  laft  Age. 


Of  DIALLING. 

DIALLING  is  the  Art  of  drawing  Lines  on  a  Plane, 
in  fuch  Manner  as  that  the  Shadow  of  a  Style  oiij 
point  out  the  Hours  of  the  Day.  ^ 

Of  Dials  there  are  various  Sorts,  according  to  the  Situatioa 
•of  the  Planes  oh  which  they  are  defcribed  :  The  moft  ufual  iff 
the  Horizontal,  Vertical,  ^uinodial.  Polar,  l^e. 
\  An  Horizontal  Dial  is  defcribed  on  an  Horisontal  Phw: 
.This  is  the  moft  ufeful  of  all  Dials,  as  it  gives  the  Hour  i 
:tb6  Day  at. all  Times,  while  the  Sun  is  above  the  Horiioii, 
.both  in  Summer  and  Winter. 

To  cakulati  an  Horizontal  Dial  fcr  the  Latitude  of  5 1*.  3^  • 

•     For  the  Angle  the  Hour-Lines  of  Eleven  aij|>  One  oak 

^with  the  Meridian,  the  Proportion  is,  ^ 

As  the  Radius         —  ■  ■  ^i^.^^...*.        lo. 

,Is  to  the  Sine  of  the  Latitude,  51  ^ .  32',        —        9.89J74S 
,So  is  the  T^gent  of  15^,  or  one  Hour,         —         9.4^^ 

To  the  Tangent  of  1 1  <> .  51%  the  Angle  the  Hour^  \  .  ^.^.n 
^  tines  of  1 1  and  I  make  with  the  Meridian,        1  ^'^  Z 


Of  Dialling,       »      .-  gj9 

To  find  the  Angle  the  Hour* Lines  of  Ten  and  Two  make 


with  the  Meridian : 
As  the  Radius 


10. 


Is  to  the  Sine  of  the  Lsititude,  ■ 

So  is  the  Tangpnt  of  30',  or  two  Hpul^     \  •— 

To  the  Tangent  of  24°  .  19',    .        ■    ■  ■  -  ■ 


9-893745 
9.761439 

9.6551  &4 


In  the  fame  manner  may  the  Angles  of  the  Hour*-Lines  fbr 
Nine  and  Three  be  found,  by  putting  the  Tangent  of  45^,  or 
three  Hours,  in  the  third  Place  of  the  Proportion  :  And  fo  of 
the  ref(.  Thei),  for  the  Halves  and  Quarters^  obferve,  that  eaeh 
Half- Hour  is  7°.  30',  and  each  Quarter  3** . 45' :  Thus,  to- 
find  the  Angle  for  Half  an  Hour  after  Three^  or  Half  an  Hout 
before  Nine^  the  Proportion  is» 


As  the  Radius 


tmmmtrmm^mm 


10. 


Is  to  the  Sine  of  51°  *  32", 
^  is  the  Tang 
and  an  Half, 


'TTT 


-  -  .        ^  9-893745 

So  b  the  Tangent  of  52°.  30  ,  or  three  Hours  1^       t»h»^V 


'  10.010858 


To  the  Tangent  of  45®  .  43',  ' 

'  By  the  fame  Proportion  may  all  the  Hours,   Halves,  and 
Quarters  be  found,  as  in  the  following  Table : 


A  Table  of  the  Angles  of  the  Hour-Lines,   - 


Hours. 


II I  or 

Hi  or 

Hi  or 

II     or 

lo^or 

lo^or 

lojror 

10     or 

9 1  or 

94  or 

9ior 

9     or 

ij'i  ■  ■■  ' 


12  i 

I2i, 

I 
I 


Hoars    in  |  Dift.  from 
Deg*&Mia.  the  Merid. 


3'- 

7  • 
ti  . 

15  • 

18  . 

2  . 
26  . 


Q2 

2t33 
37 

45 


45 

30 

IS 

00 

45 
30 

15 

00 

45 

30 

>5 

00 


S 
8 

II 

>7 

21 

24 
27 

30 

34 


56' 

•  S3 

•  5* 

•  5* 

•  53 
.58 

•  7 

•  19 

•  37 

•  S9 
.  28 

'    3 
Xx  2 


Hours. 


'   I 


8  4  or: 
8  4  or 
S^or 

or 
7  for 
7  4.  or 
7^  or 

or 
6-ior 


Moor*  in 


3i|48' 

S2 
56 

60 

63 

67 


3* 

3  T 


4t 

4  4: 


4i7i 


or 
or 


5 

Si 
Si 


75 
78 
82 
86 


0      Q< 


45 

3P 

IS 
00 

45 
301 

IS 

00 

45 
3a 

IS 

00 


Dift;  from 


41 
45- 
49 
53 

S7 
62 

66 

71 

75 
80 

85 
90 


'.43 

•  34 
•31 

.  J6 

•  48 

•  7 

•  34 
..  6 

•  45 

.■•27 

•  13 

.  00 

To 


!4^ 


MATn  ^  MJfrics. 


Jo  draw  the  Dial. 

'  I>raw  two 
Squares )  one 
^ithin  the  o- 
tber,  (o  as  to 
leave  kbom 
for    the  '  Fi« 

Sures  of :  the 
Io^rs(  thro* 
i^_  Middle  of 
the  Squares 
flravr  a  M&r 
ridian    Line, 

S  N,  and  on 
a    Point    af- 

*a«r     £  W 

perpendicular 

tri)    it  ;     on 

A5  ^tth  ttfc 

Ch<inTlaf6o% 

draw  a  Semicircle,  £  O  W,  on  which,  by  the  Line  of  Choris 

iSt  off  the  TevAal  Hours,  Halves,  and  (garters  in  the  Tabks 

draw  a  fmall  Circle  round  A,  then  lay  a  Ruler  from  the  Center 

A  to  Tach  ^f  tte  Dfvffitffis,  tffjd  draw  Ltnes  imm  the  flftiH 

Circle  to  the  Tnnfcr  Squjire  for  each  Hour,  and  'fliortcr  fi>r  the 
tatm  zW  XJuaf ters :  The  nbiSfs  "befefft  and  afWt  "Snt  1ft 
ihade  i)y  ^rtf#hig  the  Hours  of  Fdtir  and  five  in  the  After- 
noon •thror  lire  Center,  "fiar  Toiir  and  "Five  tn  -the  'Nfofniug* 
^  Seyen  niid  Eight  in  the  Mdming  being  drawn  thio'  At 
C^^itei-,  you  ^Vf  ^he  Hour-Lifies  for  Seven  and  £igh€  at 

Then,  for  thr  Style,  lay  ^  1^.31%  the  Latitude  of  tht 
f'hce,  frdm  O  to  G,  ttiid  dmw  A  6 ;  the  Angle  O  A  G 
ih'iW  be  the  Height  of  (rhe  Style.  Or,  the  Diar&ing  made, 
you  may  jBtfilinie  ^ny  Paft  of  the  Linte  AON  ^  which  10 
dre£t  the  Styles  and 'nieafufe  tile -Diftsmoe  from  A  to  that 
t<HKiU  «s  Q)  which  tet  be  ej^hceen  iflclMi,  t0  fipd  the  per- 
jfendicular  Height  bfDd: 


As 


OfDiatthig.  34, 

As  the  Sine  of  the  Angje  A  G  D^  38*,  28%  Co.  Ar.  0.206168 
Is  to  A  D,  f8  Inches,  — _  1.255272 

So  is  the  Sine  of  the  Angle  O  A  G,  51®  .  32',    —   9*893745 

To  t) //^  aa.67  Inches  —  ^'SSS^Ss 

*  Aind  fo  liigh  tmft  the  upper  Surface  of  the  Style  be  from 
the  ttanc  at  D. 

■ 

To  m^fki  m  ere&  An9 ^9tHb  Dia(f^  the  Lal.iaf  $io. gz. 

To  oakxilafe  ^he  Hbur-LinaB  for  this  Dial  the  fame  Pro- 
portion is  ufed  as  ih  f|hc  iordief^  ohly  the  fecond  Number  in 
the  l^o|>ortioi<  h  thb'Co^fiTie  of  the  Latitude,  which  there 
was  *the -Stffe.  Aid  it  is  'to  %e  ^^Meived,  that  the  Sun  never 
tti'mts  on  \his  Djal  but  from  Silc  in  the  Morning  to  Six  at 
Night.    l*'or  the  lIoiQ:^  of  Eleven  an3  One  fay. 


As  the  Radius 


xo. 


Is  to  the  Co-fine  of  rtie  Latitude,'  51  °  .  32',      — 
So  is  tiie  Tangent  of  15°,  or  one  Hour,        ■ 


To  the  Tangent  of  9* .  28% 


9-793832 
g.428052 

9.221884 


The  other  Hours  as  in  the  folloivrmg  TaWe : 


yl  Tahk  of  the  AtigUs  of  the  Hour-Lines  with  the  Meridian, 


Hours. 


'I 
I 


■** 


3 

T 

IM 
-II 

'I-04 
10 

9^ 
9i 
9t 
9 


or  12 
or  12 

or  12 


i 

T 

I 

3 


or 
or 
or 
or 
or 
or 
or 
or 
or 


I 
I 
I 
I 

2 

2 
2 
2 

3 


Doan  In 


3* 

7 
II 

IS 
18 

22 

26 

30 
33 

37 

*J4« 

45 


I 

T 

I 

T» 

3 


i 

t 

T 
3 


45 
30 

15 

00 

45 
3c. 

15 

00, 

45 
30 

15 

00 


Dm.  ftem 
thcMtrid. 


■«w 


.  a". 

4  • 

7  • 

9  • 
li  . 

14  • 

17  • 
tg  . 

22    . 

25    • 
28    . 

31    • 


30 
41 

3 

28 

55 
27 

3 

45 
34 
31 
37 
53 


Hours. 


8 
8 
8 
8 

7 
7 
7 
7 


for 
ior 
i^  or 
or 
^or 

or 
^or 
4  or 
ior 


3t 
3i 

3^ 
4 

4 


48' 
5» 


1 

4^ 


5 

5 

5 

5 
6 


I 

t 

T 
3 


Hours  In 


S6 
60 

63 
67 

7' 
75 
78 
82 

86 
90 


45 
30 

J5 

00 

45 

30 

J5 

00 

45 

30 

15 

00 


Diff*  fimn 
the  Mtri4. 


13S' 

39 

42 

47 

51 

56 
61 

66 

72 

78 
83 


21 
2 

57 
8 

36 1 
21 

22 

42 
16 

3 

59 


go  .  00 


Ta 


S4» 


MAT  H  E  MA  TICS. 


To  draw  the  Dial. 

r 

t 

Draw  an  ho-  , 

rizontal  Line,  }^^^^ 
W  E  J  on  a  | 
Point  aflumed, 
N,  ereft  a  Per- 
pendicular, NS, 
for  the  Meri- 
dian,or  Twelve 
o'clock  Line; 
extend  each  of 
tbefe  to  a  con- 
venientLength, 
as  in  the  Cut, 
and  draw  the 
internal  Square; 
then  draw  three 
Lines  to  encompafs  it,  leaving  Room  for  the  Figures :  With 
any  fmall  Extent  of  the  Compaflfes,  fet  one  Foot  in  N,  and 
draw  the  fmall  Semicircle  ax i;  and,  with  the  Chord  of  6o% 
draw  the  Semicircle  ursty  on  which  lay  the  Hours,  as  in  the 
Table,  from  the  Meridian  N  S  towards  £  and  W ;  then  lay  a 
Ruler  from  N  to  each  of  thofe  Divifions,  and  draw  the  Hour- 
Lines  from  the  inner  Circle  to  the  inner  Square :  In  the  toe 
Manner  may  the  Half- Hours  and  Quarters  be  drawn. 

For  the  Style,  take  38"* .  28',  the  Complement  of  the  Lati* 
tude,  from  the  Line  of  Chords,  and  lay  it  from  x  to  r,  and 
draw  the  Line  N  r  ;  thus  will  the  Angle  sN  r  be  the  Height 
of  the  Style,  which  is  to  ftand  on  the  Meridian,  or  Twelve 
o'clock  Line.  Or,  the  Diftance  N  s  being  meafured  on  the 
Plane,  which  let  be  fourteen  Inches,  to  find  the  perpendicubr 
Height  of  the  Style  sy^ 

As  the  Sine  of  the  Angle  iyN,  51*.  32%    Co.  Ar.  0.10625  J 
Is  to  J  N,  14  Inches,        — —  ■  I,i46i28 


So  is  the  Sine  of  the  Angle  s  r  N,  38^ .  28%     —      9.79383* 
To  the  perpendicular  Height  of  r  r,  1 1.12  Inches,     1.046215 

And  this  is  the  Height  of  the  upper  Surfiice  of  the  Stykat 
tiie  Point  y,    '  . 

The 


/ 


Of  miSng. 

The  North 
Dial  requires  the 
Hour  -  Lines 
ftom  Four  to 
Eight  in  the 
Morning,  and 
fix>ni  Four  to 
Eight  at  Night. 
If  you  t^ke  the 
South  Dial,  and 
4raw  the  rwo 
Hours  after  Six, 
and   before  Six 

o'clock,  calling  them  Six,  Seven,  and  Eight,  as  ia  the  Figure, 
and  continue  theia  thro'  the  Center  for  the  Hours  of  F6ur 
and  Five,  it  is  an  erefi  direA  North  Dial ;  in  which  the  Style 
muft  be  fixed  on  the  Twelve  o'Ckxk  Line^  pointing  upwards, 
as  in  the  Schone. 

Of  Eaft  and  Weft  Dials. 

The  Planes  of  all  dired  Eaft  and  Weft  Dials  are  in  the 
Meridians,  which  paffing  thro'  the  Poles  of  the  World,  Eaft 
and  Weft  Dials  have  no  Latitude,  and  therefore  no  Center  $ 
and  the  Hour-Lines  are  all  parallel  to  one  another.  The 
Style  in  thefe  Dials  is  either  an  upright  Pio,  or  a  Plate  fixed 
on  the  Hour-Line  of  Six  o'Clock,  the  Height  being  equal  to 
the  Diftance  of  the  Hour-Lines  of  Six  and  Nine  in  Eaft  Dials, 
or  Three  and  Six  in  Weft  Dials.    * 


To  caknlate  the  Difiances  of  the  Hour-Unes  from  the  Six 
o'Cksk  Line  for  direSi  Eaft  or  fVeft  Dials. 

To  do  this,  the  Height  of  the  Style  muft  be  given,  which 
fuppofe  ten  Inches ;  then,  for  two  Hours  either  before  or  after 
Six,  the  Proportion  is, 


As  the  Confine  of  30^,  or  two  Hours,  - 
Is  to  10  Inches,  the  Height  of  the  Style, 
So  is  the  Sine  of  30**,        ~ 


Co.  Ar.  0.062469 

—  '     i.cooooo 

— •        9.698970 


To  5.77  Inches, 


0.761439 


In 
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In  the  fame  Manner  may  any  other  Hour,  Half,  or 
QyWtef  be^^fmimi';  as  ftr  fmu  Heiuw  a^..an  Half,  which  is 
67*^.30%  fey. 


As  tbtp  Co- fine  of  67*  .  30^, 
Is  to  10  Inchcsf,  — - 

So  is  the  Sine  of  67*  .  jo\ 

To  24.14  Inch^, 


C^  Ar.o.4i7i6p 

I*OQOCOP  / 


I.jto77i 


By  the  fame  Proportion  may  all  ttv?  others  be  feunJ,  ts 
in  the  annexed  Tafote ;  where  it  is  to  be  obtBrvcd,  thirt  tlie 
Hour-Diftances  are  here  reckoned  from  Six,  the  SuMlyle  of 
thefe  Dials,  as  they  ave  fM>m  Tupelve  in  Horkoanal  xi 
South  Diak« 


i»^V^»»'<^»P^F-a«^1^BW'f»!^il  -'U   mt 


A  "Table  of  the  Hour-Diftances  for  an  Eafi  JM^ 


Hoaifi  &e. 


Hoars  in 


I  toil.  I 


fin.... 


Hoori  in 


Ifldia. 


37-3' 

■1 » I  r 


T(?  draw  an  Eaji  Dial  for  the  Latitude  of  ^f.^i^ 

Let  A  B  C  D  be  the  Dial-Plane;  take  60^  from  the  Line 
of  Chords,  fet  one  Foot  of  the  Compafies  in  B,  and  draw  the 
Arch  ha  ;  take  38®.  28%  the  Complement  of  the  Latitude, 
and  fet  it  from  b  to  ^ ,  and  draw  B  a  thro*^  the  whole  f  lane  to 
D  ;  and  obferve,  that  the  Diagonal  B  D  muft  he  above  fix 
times  the  Length  of  the  Style's  Height ;  at  about  Once  awi 
an  Half  of  the  Style's  Height  from  t>y  as  at  /,  draw  6  /  6  f« 
the  Six  O'clock  Line  i  from  ^,  iJy  the  general  RuU^  Page  ai6, 

by 


Of  DiglSf^. 


U  making  an  Eaft  Dial  ve  have  *  W^  Dbt,  with  wfy 
Ibis  Di&ience,  that  tbe£ti]^(ual  tsdf»wi  jfron  tfao  Utft-Jnad 
Cornar  to  the 


£dft  or  Wdl  Dial,  in  any  Latitude;  u  alfo  for  Polar  Dials, 
as  fiiall  be  fliewn  hcrcafrer. 

The  Smallners  oF  the  Schemes  not  admitting  the  Divifion* 
into  Quarters,  I  have  done  it  only  betwixt  Ten  and  Eleven 
in  the  Ball,  and  One  and  Two  in  the  Weft  Di«l. 

Y  J  U 
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In  making  an  Eaft  or  Weft  Dial»  the  Height  of  the  intended 
Style  being  given,  the  Hour-Diftsmces  may  be  found  by  dK 
Xule  of  ibra  from  this  Tabid :  As  fuppo^  vour  Style  wot 
fix  Inches,  to  find  the  Diflance  of  tlie  brft  Hour  firom 
Six,  fcy, 

As  10  Inches  is  to  6  Inches,  fo  is  2.68  Inches. 

.  6 


lo)  16.08  (f.6i  very  near. 

:  Thefe  five  Dials  may  be  all  fixed  on  a  Poft,  the  Horizontal 
Dial  on  the  Top^  and  the  other  four  on  the  four  Sides;  Care 
being  taken  that  the  Sides  are  fet  fo  as  to  face  the  four  Otfdioal 
Points  of  £aft.  Weft,  North,  and  South  diredly. 

Of  Declining  Dials. 

Dials  being  ufually  fixed  againft  the  Wadk  of  Hoiifes,  wladi 
do  not  always  ftand  dirediy  facing  the  Cardinal  Points,  but  more 
commonly  declining,  the  moft  common  Dials  are  wfant  aie 
ufually  called  Declining  Dials,  Chat  is.  South  or  North  Diaisi 
declining  towards  ^he  Eaft  or  Weft :  In  this  Cafe,  the  Decli- 
nation of  the  Plane  from  the  North  or  South  Points,  towaids 
the  Eaft  or  Weft,  muft  be  firft  known^  before  the  Dial  caa 
be^  made.. 

To  find  the  pecUnatim  ^  any  Plane. 

There  are  a  Variety  of 'Methods  to  find  the  Declination  af 
planes,  of  #hich  thelollowing/  as  it  (nay  be  performed  with- 
out Mathematital  Inftruments,  will  be  of  more  univerial  Ufe: 
Take  an  even,  wdl-pfauied' Board,  of  "fix,  eight,  or  ten  Incha 
fquare,  and  draw  a  Lin^j  a  h  r,  thro'  the  Middle,  perpendi- 
cular to  the  Sides  A  B  and  CD  i  on  the  Center  h  draw  feveral 
eccentric  Circles  at  fmall  Diftances,  at  Pkafure^  it  not  beinl 
neceiTary  to  make  them  at  equal  Diftances  one  from  another  i 
and  ftick  a  Pin  in  the  Center,  which  muft  ftand  diredly  up- 
right :  Place  the  Edge  A  B  againft  the  Wall  whofe  Declinatioa 
is  reqitii'ed,  between  the  Hours  of  Eight  and  Ten  in  the  Fore- 
noon ;  obferve  when  the  Shadow  of  the  Top  of  the  Pin  juft 
touohes  one  of  the  Circles,  and  make  a  Mark  at  that  Place  in 
the  Circle ;  then,  in  the  Afternoon,  watch  'till  the  Shadow 
comes  to  touch  the  fame  Circle  again,   and  make  another 

Mark, 


0/  THa&ng. 


from  theiQin- 

ter^^lHo'tbe  .        ..  ,  ,,    ... 

Imerfcaio*  oftbofc.Arcbw,  which  will  be.i  tnie  Meria»i»- 
Line:  and  ih*  Angle  u  b  c,  -being- meafurcd  on  a  Lin«  of 
Chords,  gives  18°. 25',  the  Declination  of  the  Plane  Eaft,  as 
the  Line'**  Uto^-'^'B^*  Hafld  of  AeMeridiah-Llna  aj. 

■Thus  having  the  Declination  jS'';.  ij'  Eift,  atid  the  Lati- 
tirie  ci*.32'  North,  there  are  three  Things" required  to  be 
fe«nd  iieforo -WB  conKtocalciilatff  the  Umin^^-^iz.  the  HeighV 
of  the  Style,  or  Elevation  of  the  Pole  ahovc  the'PIanc,  the 
Angle  theSubftyle  makes  with  the  Meridkn  on  th&  Dial,  anil 
thePlane'fDiarerenccofLMgitnde..       ■    ^^    ■  ^    ! 

^a  find  the  Height  of  tH  StyU,  or  Eievatim  if  tbn  P<* 
ahvi  the  Platie: 


h  tp  the  Co-fine  of  the  Latitude,  51 " .  j»'» :    —     9-;93S3ft 
So  is  the  Co-fine  of  the  Declination,  iS^-as  ,  —  9.97.71^ 

n — r 

To  the  Sine  of  36°.  10',  the  Height  of  the  Style,     9^77>09W 

VVbich  is  alfo  the  Height  of  the  Pole  afcove  the  Plane,  iter 

tile  Styles  of  all  Diab  anA  point  itKeOf  to  the  Pdes  df  the 

WorU.  „  ■' 

Y  jr  a  Tt 
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t   ToJmdthAi^of^tl^Su^mtbtU^i^^ 

As  the  Radiiw        ■-  »        to. 


Is  <o  the  Sine  <jf  tho  Dcdinatbd,  i^*  .  25%     —     9-49958'4 
So  is  the  Cd- tangent  of  die  LattiUdb^  51'' .  3!%       9.900086 

Tdtbc  Tiifgent  of  14* .  5%  ^'>    -  9-3fW670 

'I'ht  ABgle  which  thk  Subfi^te  mak^  :lFit|  the  Meridian  $ 
th^  ii,  th^  Ariele  ibade  b/  the  Une  oi  wHich  the  Style  b 
to  ttzki  and  the  MeridiaH,  or  Tw^Wtf  ok:iock  Line  of 
thd  DiU 

< 

As:theCo-fiae^Ael4tiuide»  5i''.32%    Co.Ano.io6^ 

Is  to  the  Radius,         -— ^  I         lo.  ' 

So  ift  the  Siae^  the  Pi^Unee  of  the  Sotaftvle  b^M^^  .   ^qa^^t       I 
•:  the  Meridian,  i4^^%  —     '     ]  9-386^^^      I 

■It        III** 

To  the  Sine  of  «j*  .  f:^  che  Piaae'B  IMTe^enee  of  i     ^^^^c^ 

Ixaigiuide^      ^    -■  y,     ,         .     --^         I9.5W69 

Iflbe  Pbne's  Diffkftmft  of  Lohgitude,  lieiag  93^ .  %\  u 
more  than  one  Hpdut^  0t  15^,  and  lefc  tfaaqi  ^?»  or  two 
H<Wrs  >  therefore  th^  SuUfyle  muft.fttnd.  between  the  firft  ImI 
faon4  Hours  f«oi^  I^n,  that  is^  as  chr.  Plane  declines  £aft» 
between  the  Houn  of  Ttn  and  Ekven  o'Ciock.    If  15**  « 
one  Hour,  be  talmk  froite.t|gi6  PhJoa^s  Difibroice  of  Longifcdii 
the  kemainder  is  8°  «  a'  for  the  iE4ui]i<3£Hal  Difiaoce  of  Ifai 
Eleven  o*Q(k:k  Hour-I4ne  from  the  Subftyie;  and  23*  .2', 
.faen(  wiaktn  Mm  jo"^,  or  two  Hburs,  leaves  6"" .  ^\  tk     ^ 
t>iftance  of  the  Ten  o'Clock  Lino  fr6io  the  Subftyle.    In  the 
feme  Manner,  23^  •  2%  being  fubtraded  from  45^>  or  tbies 
Hours,  6t%  orltRrrHburs,  &rc.  the  IJegrecs  and  Minntes  rf 
idttfae  Forenoon* Hours  may  be  obtained  :   But,  for  the  After- 
Hooo-Hlnirs,  adding  13^  •  2%  the  Ptaijie^s  t)ifierence  of  Longt- 
Mde,  to  IS*  for  One  o'clock,  30 •for  Two  o'clock,  Vt. 
yaa  have  the  /Eouinodial  Diibnces  of  the  Afternoon- Hour, 
m  ih  tte  fecohd  Column  of  the  TaUe,  Wheiie  the  Degrees  tol 
Minutes  a|o  fet  down  to  every  Hoiir  ^nt  H^U^Hour^  ftom 
Five  in  the  Morniag  to  FomT  in  the  Afoem^np.    Then,  fa 
Etching  the  Angles  the  Hour*Lines  make  wJjth  the  Subftyfe  ea 

the 
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the  Dial;?the  Proportion  is  the  ftme  as  in  Horizontal  Dials ; 
thus,  tb  £sid  the  Aagle  ot  tbe  Hour-Line  ibr  Eleven,'  the 
Height  of  tlie  Pole  abote  the  Fbne  being  36^  •  10%  the  Pro- 
portion iif        '        ^  '   \ 

As  the  iM^ 


ti  >■  h 


^r^^ 


Is  to  theiSinb  of  36^ .  i6%  -•— ^ 

So  is  the  Tf* ahgent  of  8*» .  i\  -n— 

To  the  "i^gent  of  4* .  46' ,  the  Angl«v 


10. 


9.770952 
9.149632 


^^ 


■■« 


9,920584 


For  tHe  An^  of  ihe  T^o  o*Clock  H'^ur-LIne  (ay. 

As  the  lladius        —      ^  *        ^    >  ■         lO. 


9-770952 
10.123411 


Is  to  the^Siiic  of  36? .  ii\ 

So  is  the'Tanjfcnt  0/  53^  .  a^  . 

To  the  i!ane?nt  of  .38^ .  6^,  the  Angle,       —       9-89^363 

In  the  lame  Manner  mav  the  Angle  of  any  Hour  or  Half- 
Hour  be  found,  by  the  Timgent  of  the  *£quino£lial  Diftance 
behig  Wiilit  the  third  Article  in  the  Pro|)ortk>n ;  by  ^hich  the 
AngksiviU'be  as  in  tlie  third  Column  of  the  Table» 


i4N»^N4N«iii 


i  ^dbU  tf  the  jE^noBial  Degrees^   and  Angles  ^ 

of  the  Hours. 


>,_  _  I  Hwm  in 


J  . 
5  T 

64i 
7 

7  4 

9 

9  i 

to 


8i». 

74  • 
66  . 

59  • 

St  . 

44  • 
36  . 
39  . 

2t    . 

H  • 
6  . 


An|kl. 


<o 


t 
It 


58' 

23 
28  I 

28 

58 
28 

S8 
28 


76" 
I64 

54 

45 

37 

30 

«3 
r8 


00 


13 
8 


S8     4- 
32  loo 


43 

47 
14- 

I 

2 

5 

•57 

27 

*3 

39 

7 
^9 


Hobxi* 


II 

11  i 
12 

12  4 
I 

1  4 

a 

2i 

3 
3i 


Houn  in 


■»i^ 


8« 

15 
*3 

38 

45 

53 
6O' 

68 
75- 


2'i 

32 

2 

32 
2 

32 

1 


ito|iM< 


4.     83   .      2 


32    46 

*  55 
32  66 

78 


4* 

9 
14 

>9 

^4 

31 

38 


•19 
5 

47 
II 

6 

»5 

39 

23 
18 
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Asa,  M  cB 


'^/Y/im 

i^ 

mm 

•  -iio.  afi2'  li    '21  ■ 

D  M 

To  draw  tbt  Dfal. 
Let  A  B  C  O  be  tbe  Dial-Plane }  thro'  the  Mid&  <liur 
M  M  perpeiidiculat  to  A  B,  for  the  Meridian  or  Tvdic 
o'clock  Line ;  draw  a  fmall  Semicircle,  and  then,  witb  the 
Chord«f  60",  d«w  *  #  f }  ■\a!f-^i^°  v  5')  -tb«-A«ri»^  tit 
Subftyle  with  the  Meridian,  from  a  to  /,  and  di^wM  f  .foitiie 
Subfiyle :  Then,  with  your  Line  of  Chords,  lay  down  Ithc 
Hour-Angles  according  to  the  Tabic-,  from  thcSubftyle, -both 
Ways,  as  in  the  Scheme  j  but  obferve,  that. the  Hoyr  tf  ■?"*= 
in  the  Morning  is  not  exadly  the  Line  A  B,  for  the  Lhm-^  B 
make*  an  Angle  of  75°  .  55'  with  the  Snbftylc,  whridi  is  Ws 
by  4S'  than  tbe  Angle  the  P'iveo'Clock  Line  makesj  ai  to  the 
Table.  For  (be  Height  of  the  Style,  lay  36°,  10'  from»to 
f,  and  draw  the  Line  M  i  for  the  Style :  Othcrwife,  inaruft 
the  Line  M  s,  which  luppofe  twelve. Inches,  snd  the  Aogk 
J  My  being  36°  .  10',  a  Perpendicular,  /  u,  being  raifed  on  tbe 
Subfiyle,  the  Angle  suM.  will  be  53°  .  50',  th^  CompletKOt 
of  sMu;  whence,  the  Length  of  j  it  may  be ,  found  by  ibe 
foUoiwing  Proportion :  .      - 

As  ide  Sine  of  M  j,  53"  .  50%        •—      Co.  Ar.  0.092963 
Is  to  12  Inebei,        —■—.,—  ■■  1.079181 

So  is  the  Sine  of  36°  .  10'  ■  0.770160 

■"*'»  8.75  Inches,  tbe  Height  of  s  a,         —  0.9424*^ 

Tina 
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Thee  fiom  the  Diigonal  Scale,  by  iba  gtntrat  Rule,  P.  216^ 
lay  8.75  from  f  jo  ^  and  draw  the  Hypothcnufe  M  u,  which 
forms  the  Style. 

Id  making  this  Dial  you  make  four  Dials,  that  is,  belidet 
thii  South  declining  £aft,  a  South  declining  Weft,  a  North 
declining  Eaft,  and  a,Nnitb  declining  W^,  18°.  25',  the 
fame  witli  the  Example,  by  fetting  off  the  Angles  for  the 
Hours  and  the  Style  different,  according  to  the  dificrent  Situa- 
tion of  each  Plane:  Thuj,  the  Morning-Hours  in  this  will 
be  the  Afternoon-Hours  in  the  South  declining  Well,  and  the 
Afternoon- Hours  wilt  be  the  Morning- Hours  :  Then,  for  the 
North  Dials,  draw  the  Hour-Lines  t>f  the  South  Dcclinen 
thro'  the  Center,  and  they  wift  become  Hour-Lines  for  the 
North  Dectiners. 

To  make  thu  more  plain^  I  have  here  drawn  all  the  four 
Dials  together,  where  it  appears  that  the  North  Dials  hare 
their  Styles  pointing  upwards. 

North  dedining  Eaft  I   Nostb  declining  Weft 
18°.  25',  1  18°.  25. 
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In  laT-dedining  Pianes,  the  Hour-Lines  become  lb  near 
paraHe}  that  titcy  cannot  be  drawn  with  Genten :  In  thu  Cafe, 
it  is  neceflarjT  to  draw  them  g^metrically  i  and,  as  fucfa 
Planes  are  pretty  common,  I  ftall  gtre  an  Example. 

To  draw  a  Dial  for  the  Latitude  of  51''.  32^  tm  a  Phxe 
declining  from  the  South  fTefixmrd  72'*.  26'. 

Before  we  begin  the  geometrical  Part^  the  Hdglk  of  the 
Pole,  or  Stvk,  above  the  Plane,  the  DUbnce  of  the  Subftyk 
from  the  Meridian,  and  the  Planers  DifTerenoe  of  Lengitud^ 
jiiuft  be  firft  found,  as  in  the  kft  Example : 

As  the  Radius  ■  1     '  lO, 


Is  to  the  Co- fine  of  the  I(atttude,  51®  .  32^,      —    9.793831 
So  is  the  Co^fme  of  the  Declination,  72^  •  20%        9.482128 

To  the  Sine  of  10* .  53',  the  Height  pf  |he  Pole,  >  ^  ^»,^^f^ 
or  Style  ahoKC  ihc  PJanc  ..^^-.^  S  9-^7S9^o 

As  the  Radius        — — —  ■         I0« 

•     I"  I      '■ 


Is  to  the  Sine  of  the  Declination,  72^  •  20^,     — -     "9*979019 
So  is  the  Co- tangent  of  the  Latitude,  51  ® .  32' ,         9.900086 


■^  1' 


To  the  Tangent  of  37** .  8',  the  Difiance  of  the 2     g. 
Subftyk  from  the  Meridian,  , i  9-»79i0S 

As  the  Co-fine  of  the  Latitude,  5 1  ^  •  32' ,     Co,  Ar.  q«2#6i68 
Is  to  the  Radius,         ■     ■  ^     '■   '  ■     '         lo. 

So  is  the  Sine  of  the  Diflaoce  of  the  Subftyle'firom  1     _a  o^, 
the  Meridian,  37  V.  8%  5  9-7«o8or 

To  the  Sine  of  the  Plane*s  Difierence  of  !LoDgi->>       ft^go 

To  draw  the  Dial  geomfrieally. 

Draw  A  BCD  for  the  Dial-Plane;  from  ^  Point  turned, 

as  £,  towards  the  left  Hand  of  the  Square,  as  the  Declination 

of  the  Plane  is  Weft,    draw  a  Line,  ,E  F,   perpendicular  to 

A  B  and  C  D  i  with  the  Chord  of  60%  fct  one  Foot  of  the 

X  Compaflb 


and  draw  ^  H  for  the  Si4>fty^  !tq4  E  I  fqr  ibe  .Style ;  hut,  tw 
tifC  DilWiccf  o/  the  Hour-Lines  ago  proportional  tg  t^  Hcigkt 
of  the  Style,  it  will  bf  Dupdlaiy  to  tna)>;c  the  Styl«  fomenchftt 
higher,  which  is  done  by  drawing  K  L  [larallcl  to  £  I  at  a 
convenient  Diftancc :  Affume  two  Points,  M  and  N,  in  the 
Subllyle,  t}iro'  which  draw  Lines  perpendicular  to  the  Subftylr, 
as  O  P  ajid  Q_R ;  from  the  Point  M  ta^e  the  ware.ft  Diftancc 
to  the  Top  of  the  Style  K  L,  fet  it  on  the  S^bftyle  /rom  M. 
to  Of  and  on  «,  as  a  Center,  with  the  Extent  i^  M, '  draw  an 
Arch  of  a  Circle;  alfo  take  the  neareft  Diflance  from  N  to 
K.  L,  fct  it  from  N  to  h,  and  on  B,  as  a  Ccnier,  >»'ith  the 
Extent  i  N,  draw  another  Arch  ;  on  each  of  thefe  Arches  fet 
off  76".  20')  the  Plane's  Difference  pf  Longitude,  from  M 
to  r,  and  from  N  to  J;  Then,  fetiing  a  Seflor  to  the  Radius 
^N,  talce  15°  in  the  CompalTes,  and,  fetting  one  Foot  in  li, 
turn  them  over  on  the  Arch  fo  as  to  malce  eight  Marks 
from  4i  a  Ruler,  being  laid  frbm  i  to  each  of  thofe  Marks, 
will  cut  the  Line  Q_R  in  the  fci/eral  Points  thro'  which  each 
of  the  eight  Hour-Lines  muil  pafs  ;  then  taking  in  the  Com- 
pares 15",  from  the  Sector  fct  to  the  Radius  fi  M,  and,  fetting 
one  Foot  in  a,  turn  them  over  on  the  Arch  fq  as  to  make 
eight  Marks,  as  on  the  former;  a  Ruler,  being  kiid  from  a  to 
each  of  thefe  Maiks,  will  cut  the  Line  O  P  in  each  of  che 
Z  z     ■  other 
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other  Points  thro'  which  the  eight  Hour-Lines  muft  pafs; 
<chus»  having  two  Points  for  e^ch  Line,  the  Hour-Lines  may 
be  drawn,  as  ii\  the  Scheme.  The  fame  Method  may  be  ufed, 
on  a  large  Board  or*  Brafs  Plate,  to  draw  Half- Hours  and 
Qtiarters,  remembering  that  7  ^  •  30'  is  Half  an  Hour,  and 
3*?  •  4I5'  a  Quarter  of  an  Hour. 

I  For  Want  of  a  Sedor,  take  the  common  Radius  from  the 
S(|ale,  and  ^raw  an  Arch,  on  which  lay  15^,  and  draw  Lines 
frfm  the  Ceilter  on  which  the  Arch  was  drawn  to  each  End  of 
the  Arch  of  15^ ;  then  take  tjther  of  the  Radius's  in  the 
Cbrnt^afles,  fet  one  Foot  in  the  Center,  and  draw  an  Arth 
fr^mone  Lme  to  the  other,  and  the  Arch  included  between 
thble  Lines  will'  be  15^.  In  this  Manotr,  any  Number  of 
Degrees  to  ariy  Radius,  either  loijger  or  fhorter  than  that  on 
m  Scale,  may  jye  had.      ... 

iln  making  ^ihis  Dial,  we  have  made  a  South  declining  Eaft 
*ji^  .  %o\  as  alfo  a  North  declining  Eaft,  and  a  North  de- 
clining Weft,  to  theiame  Number  of  D^rees^  as  was  Ihewn 
inthcEaft  DiaL 

:_.  When  the  Style  of  this  Dial  is  adjufted  to  its  proper  Hei^^ 
and  the  two  Perpendiculars  O  P  and  Q^R  are  dravra,  the 
Diftances  of  the  Hour-Lines  on  thefe  Perpendiculars  may  be 
found  by  Trigonometrical  Calculation:  Thus,  let  the  upper 
Part  of  the  Style  from  M  to  where  the  Perpendicular  O  P  cats 
the  Top  of  the  Style  be  S.5  Inches,  and  let  the  Height  from 
N  to  where  Q^R  cuts  the  Top  of  the  Style  he  10  Inches.  To 
.find  the  Diftance  of  each  Hour-Line  from  the  Subflyle,  firft* 
find  the  Diftance  of  each.  Hour  from  the  Subftyle  in  Degrees 
and  Minutes  of  the  iSquinodial. 

The  Plane's  Diifcrcnce  of  Longitude  being  76*.  7.\  which 
is  more  than  five  £quino£tial  Hours,  or  75^,  and  leis  tfasn 
90"^,  or  fix  Hours;    therefore  the  Subftyle  will  £ili  bccwem 
the  Hour-Lines  of  Five  and  Six,     If  7S^j  or  ^^c  Hours,  arc 
fubtradicd   from   76"*.  2^,    the   Remainder,     1*^,2',    is  the 
^ijlquinodial  Diftance  of  the  Subftyle  from  the  Five  o'Ckx± 
Hour-Line :   And  in  the  fame  Manner  may  the  Diftances  of 
One»  Two,  Three,  and  Four  be  found,  by  fubtrading  15* 
for  each  Hour  from   76® .  %   ;    but,    for  the  Hours  of  Six, 
Seven,    and   Eight,    fubtrad  76° .  2'  from  90®,    105**,  and 
120^,  and  the  Remainders  are  the  Diftances,  as  in  the  Table. 
Thtfn,   for  the  Diftances  of  the  Hour-Lines  on  the  Perpen- 
diculars O  P  and  Q^R,  the  Proportion  is  the  fame  as  in  dired 
l^aft  and  Weft  Dials  \  only  here,  the  Style  beingof  an  unequal 

Heigb: 
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Height  at  the  Perpendiculars,  there  muft,  be  two  Calculations 
for  each  Hour :  Thus,  for  the  Hour-Line  of  Six, 

As  the  Co-fine  of  13®  •  58%         — —        Co,  Ar,  0.013033 
Is  to  8.5  Inches^  ■  ■  0.929419 

So  is  the  Sine  of  13® .  58%  ■  9.382660 

To  2.1 1  Inches,  the  Diftance  of  the  Hour-Line  of  1 
Six  from  M  on  the  Perpendicular  OP,      ~      i  0.3251 12 


Andy 

As  the  Co-iine  of  13®  .  58', 
Is  to  10  Inches, 


So  is  the  Sine  of  43^  •  58% 


Co.  At.  0.0 1 3033 

■**-  I.000000 

9.382660 


To  a.49  Inches,  the  Dtflance  on  QR,        — —      0.395693 

For  any  Hour  before  Five,  as  for  the  Thrre  o'CIock  Line, 
As  the  Co-fine  of  31*  .  2',         — ^  Co.  Ar.  0.067086 


Is  to  8.5  Inches, 
So  is  the  Sine  of  31 

To  5,1 1  Inches,  the  Difhnce  on  O  P,         —         0.708765 


0.929419 
9.712260 


And, 
As  the  Co-fine  of  31®  .2% 
Is  to  10  Inches,         ■    '!■  >■ 
So  is  thp  Sine  of  31^  •  2% 

To  6.02  Inches,  the  Diftance  on  QR, 

In  the  fame  Manner  may  all  the  other  Hour-Diftances  be 
found,  as  in  the  Table. 


Co.  Ar.  0.067086 
— •  1.000006 
9.712260 

0-779346 


jf  Table  of  the  Diftances  of  the  Hour- Lines 
from  the  SubJfyUy  on  each  Perpendicular, 


Hoon  in       I  Dift.  on  O  P 


""•"•  I  dSTmI  I 


>n  loches. 


OUt.<«QJt. 
in  lacho. 


I 
2 

3 
4 
5 


46  . 

31  • 
16  . 

I  . 


» 
2 

2 

2 
2 


«5-35 
8.81 

5,11 
a.44 

•15 


18. 1 

«o-37 
6.02 

2.87 
•IS 


I 


13  .  58 

28  .  58 

43  •  58 


2.11 

7 
2 


r. 


2.49 

5-53 
9.96 


Z  2  2 


<y 


35^ 


*'  r 


MJriTEMJTICS. 


*»    *. 


Of  RecUnih^  nnd  Inclining  Diah. 

'  DMs  &re  fofhetimes  required  to  be  mad*  fet  Planes  that  are 
iiot  ercft,  but  ^hich  either  rediirc  from  the  HoFifcoti^  or  in- 
-line towards,  it :"  Of  theft,  as  well  as  of  fereft  Dtak,  there 
are  two  different  Kinds,  for  the  reclining  Pjanfe  ihay  either 
di^e(5^^'  facfe  one  of  t^'c  Cardinal  Points,  or  tkdite  from  the 
North  cr  South,  either  towards  the  Eaft  or  Weft ;  Hence 
arrfes  the  Diftinftion  of  dire^  reclining  or  nidiAing  Dials, 
and  d^/mmx2f^'rec1i>riing  or  inclining  Dials,  ea^h  of  which  (hafi 
be  explained  in-thek  Order. 

B^t,  before  we  come  to  the  making  thde  Dials^  it  Will  be 
fieccffary  to  flicw  how  to  ^ke  the  exa£l  Reclinacion  or  In* 
donation  of  any  Plane.  % 

ft 

^0  take  the  TR^eclimticm  of  a  Plane.' 

one  Kiid 

qf  the 

TUtkd  wiil  cut  the  DtgrVes 

the  Limb.     In  the  fame  Manner  may  the  Inclination  of  a 

Plane  be  found,  by  layine  the  other.  Edge  of.  the  Quadrant  to 

ihePhke.  "'      '         *'-.-. 

iF^ayirig  found  TTie  "R!eclinatiorri5Tl:Tie  Plane,  if  it  'b^  a  dircft 
South  PIahfi,...conIi3er  whetTie'r  the  Redfinatfon  Be  more  or  lefi 
tfcan  !Ke  Comptement  of  the  Latitude  of  the  Place ;  if  ri* 
Reclination  of , the  Plane  be  le6  than  the  Complement  of  the 
Latitude,  fu\)tra6l  the  kecHnation  from  the  Complement  of  the 
Latitude,  and  the  Remainder  is  the  Height  of  the  Pole  aborc 
the  Plane  "i  TiJf,  TTThS  fedhmtofl  is  Tnore  ttem  The  Comple- 
ment of  the  Latitude,  fubtraift  the  "Complement  of  Latitude 
from  the|Rechnation.  and  the  kejfiainder  is  the  Height  of  the 

Pole,  or  Bryfe,  above  'l!lie  Plane. 
• 

To  make' a  direlf  Sokth  Dial  for  a  Plane  recUning  ro^  56' 

in  the  Latitude  of  51°.  ^2\ 

Subtract  iq^ .  56'  from  38"* .  2^%  the  Coftiplftiknt  of  Lati- 
tude,  ani  the  I^em^ihder,  27°  .  32%  is  tlie  Hejght  of  the  Pole 
above  the  Plane^ 

Havink  the  Height  of  flie  Pole,  the  Angles  the  flovr- Lines 
make  wifh  ftc  Meridian  niay  be  found  by  the  fame  Proportion 
u^d  in^the^'H^rizohtal  or  ereA  direft  South  £)ials :  The 
wur-Lines  b?ing  fpund,  Vjie  drawing  tHe  TJIal  is  the  feme; 

.  and 


anil  the  Style  irtuft  be  made  to  an  An^e  of  27"  .  32',   point- 
ing doi^nwards,  as  in  the  ercA  South  Dial. 

To  make  a  Jire^  Smth  Dial  recUmng  79°.  34'  for  the 
jjitituie  ef  51°.  32'. 

Subtta^  thfc  Cbmpletnent  of  the  Latitude  from  the  Reclina- 
tion- tirf  tile  ftwnaititfcr,  41*. 6',  is  the  Height  of  the  Pole  j 
by  which  the  Anglts  of  thie  Hour-Lines  may  be  calculated,  as 
in  Rornoat4  Oials^  The  Style  hefe  mull  be  made  to  the 
i|htigU  oL+il^ti'i  and  fei  on  the  T-wclve  o'Clock  Line, 
t»Ain'ting  upwards  to  the  North  Pole. 

but,  if  the  Reclination  of  the  PlatK  is  equal  to  the  Comple- 
metR  of  the  Latitudt,  then  is  the  Dial  a  Polar  Dial,  which  is 
made  by  the  Rules  ^id  down  for  Eaft  and  Weft  Dials :  The 
Hour-t)i(lteces  in  t^is  are  proportioned  to  the  Height  of  the 
Style ;  oMjr  ot*r«iiig,  -that  the  Style  of  a  Polar  Dial  ftands 
on  the  TweTfre-o'Clilck  Litie,  that  being  parallel  to  the  Axis 
of  the  World,  as  At  Six  o'Clock  Line  is  in  Eaft  or  Weft 
Dials  J  therefore,  making  the  Style  ten  Inches,  as  in  that, 
the  fame  Table  will  ferve  for  this,  taking  the  Diftances,  boib 
Ways,  from  the  Line  of  Six  for  the  Diftances  from  Twelve, 
95  in  the  following  Scheme, 

A  -P-oiar  Dial  fer  the  Latitude  of  51'.  32'. 


i>  ion  1213:? 


910H1212  3 


In  North  reclining  Planes,  the  Height  of  the  Pole  above  the 
Plane  is  found  by  adding  the  Complement  of  the  Latitude  to 
the  Reclination  of  the  Plane,  and  the  Sum,  if  lefs  than  90°, 
is  the  Height  of  the  Pole  above  ihe  Plane;  but,  if  the  Som 
exceeds  go",  fubtrail  it  from  180°,  and  the  Remainder  is 
the  Height  of  the  Pole.  Th^^  Height  of  the  Style  muft  be  the 
feme  as  the  Height  of  the  Pole  above  the  Plane,  and  muft 
ftand  on  the  Meridian,  pointing  upwards  towards  the  North  Pole. 

But,  if  the  Sum  of  the  Reclination  and  the  Complement  of 
J-atitude  be  cxaftly  90",  then  is  the  Plane  parallel  to  the 
^quinoaial,  and  is  called  an  iEqulnoitial  Dial. 

7i 
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To  draw  an  jEquinoSial  DiaL 


Draw  a  Circle, 
NESW;  draw  the 
Diameter  N  S  for 
the  Meridian,  and 
E  W  for  the  Axis, 
en*  Hour- Line  of  Six, 
at  right  Angles  to 
it ;  divide  the  Arches 
EN  and  NW  into  W 
fix  equal  Parts,  and 
draw  Diameters  from 
each  of  thofe  Divi- 
fions  thro'  the  Cen- 
ter, which  will  be 
the  Hour -Lines  of 
the  Dial ;  only,  if 
it  is  made  for  any 
particular   Latitude, 

the  Lines  may  be  omitted  before  Six  in  the  Morning  and  after 
Six  at  Night,  as  they  are  here. 

The  Style  for  this  Dial  is  a  ftraight  Pin,  fet  upright  in  the 
Center  of  the  Dial,  which  may  be  of  any  Length  a(  Pl^uie, 

0/EaJl  and  JVeJi  RecHhing  Dials. 

In  Eaft  and  Weft  reclining  Dials,  the  Latitude  of  the  Place 
and  Reclination  of  the  Plane  being  given,  the  Height  of  the 
Pole  above  the  Plane,  the  Plane's  Difference  of  Longitude, 
and  the  Diftance  of  the  Subftyle  firom  the  Meridian,  muft  be 
found  as  in  South  declining  Planes.     To  give  an  Eapmiple^ 

0/  an  Eafi  Plane  in  the  Latitude  of  51**.  32'  recBnij^ 

19*^.49'. 

To  find  the  Height  cf  the  Pole  above  the  Plants  the  Pxo- 
portion  is. 

As  the  Radius  >  ■  10. 


Is  to  the  Sine  of  the  Latitude,  51^  .  32^,     — —      9*893745 
So  is  the  Sine  of  the  Reclination,  19^  •  49"*,     —      9*5302x5 


To  the  Sine  of  15® .  24^,  the  Height  of  the  Pole 
above  the  Plane,        ■       ■    ■  ■ 


For 


J 
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For  the  Diftance  of  the  Suhftylifrom  the  Meridian^  the  Pro- 
portion is. 

As  the  Kadws        ■  ■ 


10. 


Co.  Ar.  0.106254 

10. 


Is  tcv  the  Tangent  of  the  Latitude,  51**.  32',  10.099913 

So  is  the  Co-nne  of  the  Reclination,  19^  •  49^,  9*973489 

To  the  Tangent  of  49» .  50',  the  Angle  of  thci    ,--_,.„_ 
Subftylc  with  the  Meridian,  i    10.073402 

Then,  for  the  P^anis  Dtfftrence  »f  Ltngitudey  the  Pro- 
pATtionis, 

As  the  Sine  of  the  Latitude,  5 1  ** .  32^,' 
Is  to  the  Radius,        .— — 
So  is  the  Sine  of  49^.50%   the  Diftance  of  the  1     ^q 
Subftyle  from  the  Meridian, J  9-«»3i9i 

To  the  Sine  of  77^ .  22^,  the  Plane's  Difference  of  1       © 
Longitude,        r-  S  9989445 

The  Plane's  Difference  of  Longitude,  77** .  22",  being 
more  than  five  Hours  -Diftance  from  the  Meridian,  and  lefs 
than  fix  Hours,  the  Subftyle  will  ftand  between  the  Hour* 
Lines  of  Six  and  Seven  in  the  Forenoon,  as  it  is  an  Eaft  DiaL 

To   find  the  -Squinoftial 

Diftances  of  the  Hours,  fub- 
trzSL  15*  for  each  Hour  lefs 
than  75^,  or  five  Hours, 
Diflaiu:e  from  the  Meridian, 
from  the  Plane's  Difference 
oK Longitude;  but,  for  all  the 
Hours  more  than  five  Hours, 
fubtrafb  the  Plane's  Difference 
of  Longitude  from  the  Hours, 
as  has  been  (hewn ;  and  the 
Remainders  arc  the  iEqui- 
no£lial  Diftances  of  each  re- 
fpcAive  Hour,  as  in  the  Ta- 
ble :  By  which,  and  the 
Height  of  the  Pole  above  the 
Plane,  the  Angles  the  Hour- 


ATabU 

* 

of  the  Angles  of  the 
Hour^  Lines. 

Hours. 
E.       W. 

Houfs  in 
Deg.i^  Min. 

Hovr-Angl- 
with  Sabft. 

4  8 

5  7 

6  6 

42^  38^ 

27   •    38 
12   .   38 

13"-  33' 

7  •  55 
3  •  24 

7  5 

8  4 

9  3 

10  2 

11  1 

12  12 

2   .    22 
17    .    22 
32    .    22 

47  •  22 
62  .  22 
77  .  22 

0  ,  38 

4  •  45 

9  •  33 

16  •     5 

76  .  54 
49  •  50 

Lines 
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Lines  make  with  the  Subftyle  may  be  found,  by  the  fame  Pro- 
poftion  alf efldy  delivered,  to  be  as  in  the  Table.  The  Meridian-       \| 
Line,  or  Hour  of  Twelve,  is  an  Horizontal  Line  drawn  thro* 
the  Middle  of  the  Dial.  \ 

The  drawing  the  Hour-Lines  has  been  already  (hewn :    And 
the  Style  may  be  fet  ofF,  by  a  Line  of  Chords,  to  the  Angle 
of  15^.24',  the  Plane's  Latitude,  or  calculated ;  both  which         1 
Methods  have  been  already  taught,  both  in  the  Horizontal  and 
ered  diredi  South  Dials. 

A  Weft  reclining  Dial  is  made  in  the  fame  Manner ;  only, 
as  the  Style  here  ftands  between  the  Hours  of  Six  and  Seven 
in  the  Morning,  there  it  muft  ftand  between  Five  and  Six 
in  the  Afternoon,  for  which  Reafon  the  Table  is  made 
for  both. 

Of  Inclining  Planes. 

Dials  for  inclining  Planes  may  be  made  from  their  oppofite 
Recliners :  Thus,  the  firft  Example  of  a  South  reclining  Dial 
being  drawn,  if  you  look  thro'  the  Paper,  it  become  a  North 
Dial  for  a  Plane  inclining  io°^56'j  only  the  Morning- Hours 
in  that  will  be  the  Afternoon- Hours  in  this,  and  fo  vice  verfa  -, 
alfo  the  Style  muft  be  fet  pointing  upwards  to  the  North  Pole: 
And  the  fecond  Example,  in  the  fame  Manner,  becomes  f 
North  Dial  for  a  Plane  itKlining  79** .  74%  exchangijug;  the 
Numbers  of  the  Hours,  and  fetting  the  btyle  pointing  down- 
wards.. If  a  North  Plane's  Inclination  be  equal  to  the  Com* 
plement  of  the  Latitude  of  the  Place,  the  Dial  is  an  under 
Polar  Dial,  whofe  Style  may  be  a  thin  Plate,  fixed  in  the 
Middle,  which  here  is  the  Twelve  o*Clock  Line  ibr  Midn 
night ;  and  the  Hours  of  Four  and  Five  in  the  Mornings  aa^^ 
Seven  and  Eight  at  Night,  will  be  the  only  Heur-Lines  that  « 
can  be  of  Ufe. 

In  the  fame  Manner  may  South  inclining  Dials  be  made 
from  North  Recliners  :  And,  if  a  South  Plane's  Inclination  be 
equal  to  the  Latitude,  the  Dial  is  an  under  ^quinodtal  Dial, 
and  may  be  drawn  as  the  upper  i£quino£tial  Dial  on  the 
North  reclining  Plane,  to  (hew  the  Hours  before  Six  in  the 
Morning,  and  after  Six  at  Night. 

It  being  very  feldom  that  Dials  are  made  for  declining  Plan^ 
that  either  recline  from  the  Horizon,  or  incline  toveards'  it, 
and  they  being  of  difficult  Calculation,  I  Ihall  omit  giving 
Examples  of  thofe  Dials, 

Ibavc 


1  Qfjhe  Gregorian  ot  New  Style.  ^61 

,  t  have  ilicwn  the  W;iy  of  calculating  cfae  Hour*Lifiei  by 

the  Sines  and  Tangents,    that  being  more  exa^  than  the 

geometrical  ConftruSion.     If,   in  large  Dia]9  with  Centers^ 

the  Lines  of  Chords  on  the.  common  Scales  are  not  fuAcieat 

for  laying  down  the  Hour-Lines,,  as  they  are  only  made  to 

Degrees,  fo  that  thci  Minutes  can  be  only  taken  by  Guefi,  the 

Tangent -Line  may  be  ufed,  where  the  Divifions  are  larger^ 

except  at  the  Beginning :  Therefore,  taking  the  largeft  Radius 

on  the  Scale,  fet  it  from  the  Center  of  the  Dial,  on  th^  Sub« 

ftylar*Line;    then  crofs  the  Subftyle  in  that  Point  with  a 

Perpendicular,  on  which  lay  the  Tangent  of  the  fevecal  Angles 

of  the  Hour-Line  with  the  Subftyle^  from  the  Tangent  td 

the  fame  Radius ;  and  draw  the  Hour-Lines  from  the  Center 

of  the  Dial  to  the  Tangent  of  each  refpe£live  Angle^ 

An  Account  of  the  Gregorian  or  New  Style^ 
fettled  hy  AB  of  Parliament  \  the  Me* 
thod  of  finding  the  Epad,  Moon's  Agc^ 
Tides,  ^c. 

POPE  Gngtry  the  Xlllth  made  ^  Refcrmat}on  of  the 
Calendar.  The  Julian  Calendar  had  before  that  Time 
been  in  general  Ufe  ail  over  Europe.  The  Year,  ac^ 
cording  to  the  Julian  Calendar,  confifts  of  three  hundred  and 
fixty-five  Days  and  fix  Hours;  which  iix  Hours  being  one 
fourth  Part  of  a  Day,  the  common'  Years  ccmfifted  of  three 
hundred  and  fixty-five  Days,  and  every  fourth  Year  one  Day 
was  added  to  the  Month  of  February^  which  made  each  of 
thofe  Years  three  hundred  and  fixcy-fix  Days,,  which  liave 
been  ufually  called  Leap- Years. 

This  Computation,  tho'  near  the  Truth,  is  more  than  the 
Solar  Year  by  eleven  Minutes,  which  in  one  hundred  and  thirty* 
one  Years  amounts  to  a  whole  Day.  By  which  the  Vernal 
.£quinox  was  anticipated  ten  Days  from  the  Time  of  the 
general  Council  of  Nice^  held  irf  the  Year  3^5  of  the  Cfariftian 
^ra,  to  the  Time  of  Pope  Gregory  ;  who  therefore  caufed 
ten  Days  to  be  taken  out  of  the  Month  of  October  in  1582,- 
to  make  the  <£quinox  fall  on  the  twenty- firft  of  March^  as  it 
did  at  the  Time  of  that  Council.  And,  to  prevent  the  lil^^ 
Variation  for  the  future,  he  ordered  that  three  Days  fluoUld 

A  a  a  )>e 
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be  abated  in  every  four  hundred  Years,  by  reducing  the  Leap- 
Year  at  the  Clofe  of  each  Century,,  for  three  fucceffive  Cen- 
turies, to  common  Years,  and  retaining  the  Leap- Year  at  the 
Clofe  of  each  fourth  Century  only, 

.  This  was,  at  that  Time,  efteemed  as  exaSly  conforo^k 
to  the  true  Solar  Year*  But  Dr.  Halliy  makes  the  Solar  flir 
to  be  three  hundred  and  iixty^five  Days,  five  Hours,  forty-  f 
eight  Minutes^  fifty-four  Seconds,  forty-.one  Thirds,  twenty* 
feven  Fourth^,  and  thirty-one  Fifths :  According  to  which, 
in  four  hundred  Years,  the  Julian  Years  of  three  hundred 
and  ftxty«five  Days  and  fix  Hours  will  exceed  the  Solar  by 
three  Days,  one  Ho)|r,  and  fifty- five  Minutes,  which  is  neir 
two  Hours,  fo  that  in  fifty  Centuries  it  will  amount  to  a  Day. 

The  greateft  Part  of  Europe  have  long  ufed  the  Gngorm 
Calendar,  or  Old  Style ;  but  Gnat  Britain  retained  the  Julian 
Calendar  'till  the  A^  of  Parliament  pafled  in  the  twenty-fourth 
Year  of  his  prefent  Majcfty's  Reign  took  Place,  on  the  firft 
of  January^  lyS^i  and,  in  Septemiir  foUolring^  the  eleven 
Days  were  adjufted,  by  calling  the  third  Day  of  that  Month 
the  fourteenth,  and  continuing  the  reft  in  their  Order.  The 
Pfovifion  made  by  that  A6i,  for  preventing  the  Anticipation 
of  Payments  of  Rents,  Expiration  of  Leafes,  or  any  other 
Contrads  or  Cufloms,  wherein  the  Property  of  the  Subjefis 
were  concerned,  has  been  fiilly  explained  by  the  common 
Almanacsk,  therefore  it  will  not  be  neceflary  to  fay  any  thing 
hirther  of  it  her^. 

But,  as  there  are  three  Leap- Years  to  be  abated  in  every 
four  Centuries,  it  will  be  proper  to  fhew  how  to  find  on  which 
Century  the'  laft  Year  is  to  be  a  Leap- Year,  and  in  which  tt 
is  not.  This  may  be  done  thus;  cut  ofF  the  two  Cyphers, 
and  divide  the  remaining  Figures  by  4 ;  *  if  nothing  remains, 
the  Year  is  a  Leap- Year ;  but,  if  any  thing  remains,  it  is  a 
•  common  Year. 

£xam.  I,  The  Year  18I00.       Ex^n^  a.  The  Year  20)00. 

4)  18  (4  4)  ao  (5 

16  20 


Exam.  J.  The  Year  a; loo.         Exam*  4.  The  Year  31I00. 

4)27(6      .  4)32(8 

.24  32 
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The  firft  and  third  Examples  having  Remainders,  the  Years 
are  common  Years  of  three  hundred  and  iixt]r-five.Days ;  but 
the  fecond  and  fourth,  having  no  Remainders,  are  Leap- Years 
of  three  hundred  and  lixty-fix  Days. 

lyith  Regard  to  any  pther  Years,  the  whole  Date  is  to  be 

^   divided  by  4 ;  and,  if  there's  no  Remainder,  it  is  Leap- Year ; 

]p  but,  if  I,  2,  or  3  remains,  it  is  the  firft,  fecond,  or  third  after 
Leap- Year ;  according  to  the  Diftich  publiihed  by  Mr.  Streety 
in  his  Aftronamia  Carolina :  Where  he  has  given  Diftichs  for 
finding  the  Cydle  of  the  Moon  or  Golden  Number,  Epad, 
Moon's  Age,  lie.  which  being  of  great  Ufe  to  affift  the 
Memory,  I  (hall  infert  fuch  as  are  agreeabk  to  the  Gregorian 
or  New  Style.    That  for  finding  the  Leap- Year  is. 

Divide  the  Year  by  4,  what's  left  ihall  be 
For  Leap- Year  o,  for  paft  i,  2,  or  3. 

Exam.  For  the  Year  17  54. 

4)1754(438 
16 


«5 
12 

34 
32 

2  fecond  after  Leap- Year, 

"J^Qfind  the  Dominical  or  Sunday  Later  for  any  Tear. 

The  Diftich  for  this,   made  to  anfwer  to  the  Gregorian 
Calendar,  is. 

Divide  the  Year  and  Fourth  of  it  by  7, 
What's  left  fubtraa  from  7,   the  Letter's  given. 

That  is,  to  the  Year  of  the  Chriftian  JEtz  add  the  fourth 
Part,  and  divide  this  Sum  by  7  -,  then  fubtraa  what  remains 
(even  if  it  be  a  Cypher)  from  7,  and  the  Remainder  is  tho 
Dominical  Letter,  accounting  as  follow^ : 

A       B       C       D       E        F        G 
^     a        3        4.5        6        7 

Aaa  2  Exam. 
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ExM.  For  the  Year  1754, 
Its  Fourth    438 


7) 2192(3^3 

21 

• 

9 

7 

42 
21 

From      7 
Snbuaa  I 

6  F 

Here  it  is  to  be  pbferved,  that  every  Leap- Year  has  twd 
Po«iitnical  Letters ;  that  found  by  this  Rule  is  the  Sunday 
Lett^  from  the  twenty-fifth  Day  of  Feiruary  to  the  End  of 
the  Year  \  and  t^  next  in  the  Order  of  the  Alphabet  ferret 
from  the  firft  of  January  to  the  twenty^fourth  of  February. 

Exam*  For  the  Year  1756.  From      7 

Its  Fourth    439  Subtra<St,4 

7)^195(313  3  C 


Hence  C  is  the  Dominical  Letter  for  the  Year ;  but  D,  die 
next  in  the  Order  of  the  Alphabet,  is  the  Dominical  Letter 
for  January  and  February*  From  this  Interruption  of  the 
Dofninical  Letter  every  fourth  Year,  it  is  twenty-eight  Yean 
before  the  Dominical  Letter  returns  to  the  fame  Order ;  which, 
were  it  not  for  the  Leap- Years,  would  return  to  the  (ame 
tvery  feven  Years.  This  Cycle  of  twenty-eight  Years  ii 
called  thcf  Cycle  of  the  Sun ;  tho'  it  has  no  Relation  to  the 
Sun's  Motion,  but  is  fo  called  fh>m  its  Ufe  in  finding  the 
Sunday  Letter,  becaufe  Sunday  ufed  to  be  called  DU  Selis^  the 
Sun's  Day. 

The  Diftich  for  finding  the  Golden  Number^  Cydc  of  the 
Sun^  and  Re^n  Indi£tion^  is  this, 

When  I,  9,  3,  to  the  Year  liath  added  been. 
Divide  by  I9>  28,  15. 

That  is,  for  the  Golden  Number,  add  i  to  d|^  Year,  then 
divide  by  I9,  and  the  Remainder  is  #ho  Goldei^umber  i  if 

nothing 
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notbmg  remains,  19  is  the  Golden  Number.  (The  XJk  of 
the  Golden  Number  will'  be  ihewn  beloW.)  In  the  fame 
Manner,  9  being  added  to  the  Year,  and  the  Sum  divided  by 
28,  the  Remainder,  if  any,  is  the  Cycle  of  the  Sun  ;  if  nothing 
remains,  tho.  Cycle  is  28* 

Exapi.  For  the  Year  1754. 

Add         9 


28)  1763  (62 
168 


83 

27  Cycle  of  the  Sun. 

The  Ufe  of  this  Cyde  is  for  finding  the  Dominical  Letter 
by  the  following  Table. 


A  Table  of  tbi  Dominical  Letters  for  the  New[ 
Styhy  accor£ng  to  the  Cycle  of  the  Sun. 


Cjrde, 
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6 
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Letter. 
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Cycle. 


8 
9 


10 
ti 
12 

»3 


Letter. 
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Cjrde.  I  Letter. 
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16 
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Cycle.  I  Letter. 
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22 
23 

24 
25 

26 

*7 
28 
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B  A 
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This  Table,  by  the  prefent  Rule,  will  ferve  but  to  the  End 
of  this  Century.  The  Leap-Year  being  to  be  omitted  in  the 
Year  1 800,  will  make  it  neceflary  to  add  25  to  the  Date  of  • 
the  Year,  and  then  dividing  by  28,  it  will  give  the  Cyde 
Tight  for  the  Table  during  the  next  Century.  And  this  is  a 
genersil  Rule  to  be  obferved,  that,  when  a  Leap- Year  has  been 
abated,  add  16  to  the  Number  which  was  before  added  to  the 
Year,  and  rcjecft  28  when  it  exceeds  it;  then,  this  Number 
betipg  d<^ed  to  the  Year,  and  the  Sum  divided  by  28,  the  Re* 

mainder 
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snainder  will  be  the  Cycle  for  finding  the  Dominical  Letter. 
Thus,  in  the  nineteenth  Century  it  will  be  25,  and  in  the 
twentieth  'Century  13,  which  Number  will  ferve  two  Cen- 
turies, for  the  Year  2000  is  a  Leap- Year. 

Exampli.  To  find  the  Dominical  Letter  for  the  Year  197 S> 
and  for  the  Year  2056. 

1975  2056 

]Z^  ^3 

28)  1988  (70  28)  2069  (73 

196  196 

28  Cycle  of  the  Sun,  109 

(the  Letter  is  £•  84 


(Letters  BA. 
25  Cycle  of  the  Sun, 

Of  the  Golden  Number y  or  lunar  Cyck. 

The  Golden  Number  is  a  Period  of  ninetten  Years,  invented 
by  Mitotic  an  Atbentany  and  fi-om  him  called  the  Metnic 
Cycle.  The  Ufe  of  this  Cycle  is  to  find  the  Change  of  the 
Moon  ;  becaufe,  after  nineteen  Years,,  the  Changes  of  the 
Moon  fall  on  the  fame  Days  of  the  Month  as  in  the  former 
nineteen  Years ;  tho'  not  at  the  fame  Time  of,  the  Day,  there 
being  an  Anticipation  of  one  Hour,  twenty-feven  Minutes, 
forty-oiie  Seconds,  and  thirty-two  Thirds ;  which,  in  three 
hundred  and  twelve  Years,  amounts  to  a  whole  Day  :  Hence, 
the  Golden  Number  will  not  (hew  the  true  Change  of  the 
Moon  for  more  than  three  hundred  and  twelve  Years,  without 
being  varied.  But  the  Golden  Number  is  not  fo  well  adapted 
to  the  Gregprian  as  the  JuUan  Calendar,  the  £pa£fc  being  more 
certain  in  the  New  Style,  to  find  which  the  Golden  Number 
is  of  Uie.  The  Way  of  finding  the  Golden  Number  has  been 
already  ihewn  above. 

Thus  for.  the  Year  1754. 

Add         I 


19)  «755  (93^ 
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38 
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7  Gokkn  Number. 

Tte 
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'  The  i^d  is  the  Excds.of  the  Sol^^r  above  the  Lunar  Year, 
or  twelve  Synod ical  or  Lunar  Months;  which  being  fome- 
what  more  than  ten  Days  and  twenty-one  Hours,  to  avoid 
Fradions,  the  annual  £pa£t  is  elevep  I>iys. 

By  lie  GaUm  Numher^   called  alfo  the  Prime^  to  fad 

the  Epa^. 

Fer  the  Gregormn  or  New  Style,  take  i  from  the  Golden 
Number  or  Pripie ;  then 

Divide  by  3,   for  each  one  left  add  xo, 
30  rejeSy  the  Prime  makes  EpaA  then. 

That  is,  after  i  has  been  taken  from  the  GoMen  Number, 
divide  the  Remainder  by  3 ;  if  i  remai^is,  add  10  to  the 
Dividend,  and  that  will  be  the  EpaAj^  if  2  remains,  add  20 
to  the  Dividend  5  but,  if  nothing  remains,  the  Dividend  is 
the  Epad. 


Exam. 

t. 

Exam.  2. 

Exttn 

'•  3« 

• 

Year  1753.            Year  1754,            Year  1755. 

Gold.  Num.  6      Gold.  Num.  7       Gold.  Num.  8 

Subcradb   i              Subtraa  i             Subtraf):  i 

^■l^lMBBa^                                                                                    WSB^iVa^                                                                                  ^H^^BaVMlA 

3)5(1            3)6(2            3)7(2 

3                    ■     f>                         6 

1                                                                                                                                      ■  ■^■'        '  ■ 

2  Epod  25.         0  £paft  6.           I 

E| 

ATable  oftbi  nintteen  Efa&sftr  the  Julian 

and  Gregorian  jtecoutttSy  by  the  Gold.  Num. 

O.IH. 

TBlkn 

52: 

0.  N. 

Inlian 

Gret. 

Epaa. 

I 

II 

29 

11 

I 

20 

2 

22 

II 

12 

12 

I 

3 

3 

22 

13 

as 

12 

> 

4 

14 

3 
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4 

as 

5 

as 

14 

IS 

15 

4 

6 

6 

as 

16 

26 

15 

7 

»7' 

6 

^l 

7 

26 

8 

2S 

»7 

18 

18 

7 

*• 
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9 

9 

aS 

»9 

29        18  1 

i 
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20         9  1    1         '          1          1 
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To  find  the  Age  or  Change  of  the  Moon  kf  the  EpaSf   . 

the  Diftich  is. 

To  Janus  o,%  if,  3,  4?  5»  6> 

8,  8,  10,  10,  thefe  to  the  Epads  fix ; 
The  Sura,  bate  30,  to  the  Month- Day  M^ 
Or  take  from  30,  Age  or  Change  is  had. 

The  Scnfc  of  which  js,  that,  if  to  the  Epaft  for  the  tear 
the  Number  of  the  Month,  taken  in  the  Order  they  ihnd  in 
the  piftich,  be  added,  and  to  this  add  the  Day  of  the  Month, 
this  Sum,  reje£):ing  30  if  it  exceed  that,  is  the  Moon's  Age; 
or,  taking  the  Sum  of  the  £pa&  and  Number  of  the  MoDth 
from  30,  it  gives  the  Day  of  the  Moon's  Cbaogp  in  titft 
Month. 

■  The  Numbers  for  each  Month  are,  for  January  o,  A* 
hruary  2,  March  i,  April  2,  May  3,  June  ^  July  5,  M 
gufi  6,  September  8,  Oifqber  8,  November  10,  Dtamiir  I0. 

Exam.  I.  To  find  what  Day  of  the  Month  of  y«/;,  17 
the  Moon  changes,  and  the  Age  of  the  Moon  on  tte  t 
of  that  Month, 

The  Gregorian  EpaA  for  1754  is  6        From      30 
Number  for  July  add      — •      5        SubtraA  i  c 

It  igD^oftbe 

Given  Day  of  the  Month  add     12  (Change 

■       ■ 
23  Days  of  the  Moon's  Age> 

Exam.  2,  To  find  the  Change  in  O^ober  ifS^t  ^  ^ 
Moon's  Age  the  twenty-fourth  Day. 

Epaft         '  6  From ,    30 

Number  for  October  add  8  Subtnu^  14 

>ii  I  III  <  *'      ^ 

14  j6  Day  of  Change 

Given  Day  add    ~     24  (in05.i75f 


38 
Deduft         I"         .       30 


8  Days  of  the  Moon  £  Agc^ 


i 
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t0  find  the  Time  of  the  idomCs  Souibif^^  and  ef  High 

IVuter  at  London  Bridge. 

Moon's  Age  multiplied  by  4^  divide . 
By  5  for  Southings  add  3  for  the  Tide^ 

Ektnn.  i.    The  Moon^s  Age  the  tweliih  of  Juhf^    i754» 

is  23  Daysk 
Multiply  by    4 

5)92  (187  Hourst 
S 


ttm*m 


4a 
40 


The  Moon  will  be  South  eighteen  ttdtits  i^i  twenty-fout 
NRnutes  after  Noon,  that  is,  at  twenty-four  Minutes  paft  Six, 
to  the  thirteenth  of  July^  in  the  Morning ;  to  which  adding 
three  Hours,  it  gives  twenty'-four  Minutes  paft  Nine  in  the 
Morning  for  the  Time  of  High  Water  at  Lonim  BHdge. 

* 

Exam.  2.  The  twenty-fourth  of  O^obir^  ^7549  the  Moon^s 

Age  is  8  Days. 
Multiply  by  4 

5)  3a  (6  y  Hours. 

30 


2 


Therefore  the  Moon  fouths  twenty- fo'ur  Minutes  after  Six 
at  Night ;  to  which  three  Hours  being  added,  it  gives  twenty 
four  Minutes  after  Nine  for  the  Tide. 


To  find  the  Day  of  Eafter  for  the  New  Styk. 

It  was  ordered,  by  the  Niane  Council,  that  Eajiir  Sunday 

Ihould  be  kept  on  the  firft  Sunday  after  the  firft  foil  Moon 

-  which  happened  upon  or  after  the  twenty-firft  Day  of  Marchy 

the  Day  on  which  they  thought  the  Vernal  Equinox  happened. 

B  b  b  Tbo' 
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*  Tho'  this  was  a  Miftakc,  for  the  Vernal  'Equinox  Aat  Year 

Ibll  on  the  iwcntieth  of  March.     But  yet,  tlie  full  Moon  that 

fell  on  or  next  after  the  twenty-firft  of  Mtfiv^^  they  called  the 

Pafcbal  full  Moon.     And^  by  the  late  Introdu^ion  of  the 

Gregorian  or  Nbw  Style^    the  £aiiinox  wSl  liow  always 

happen  on  the  twentieth  or  twenty-*nrfl  of  March,    And  the 

Feaft  of  Eafter  is  now  to  b4  kept  on  the  next  Sunday  after  the 

Pafchal  fiill  Mdon^  or  the  ifidl  Moon  that  happens  iftef  the 

twenty-firft  of  March ;   buf ,  if  the  full  Moon  happens  on  a 

Sunday^  EaJfer^Day  is  to  bq[  the  next  Sunday  after. 

*    All  the  other  moveable  feafts  depending  «n  Eqfter^  I  fiiall 

endeavour  to  fliew  the  hue  Method  of  findiag  it.    Thbwill 

be  beft  done,  for  any  futur^  Time^  fay  the  TiS>Ie  compofed  bv 

the  Right  Honourable  G  B or Q  ft  Earl  of  Macclesfiild ;  wbicn 

-fliews,  by  the  Golden  Nuntber^  the  Days  of  the  Paichal  full 

Moons;  by  which,  and  th6  Dminkal  Letter^  the  Day  on 

which  Eajier  will  fall  may  be  found.     His  Table  is  calculated 

from  the  Time  the  Calendar  was  firft  correded  in  the  Year 

1583  ;  but,  as  Eq/ier  has  been  always  kept  in  Great  Brhaiu 

accordmg  tb  the  Old  Stylo  'till  the  Year  1753,  I  (hall  b^io 

the  Table  from  thence. 

•  > 

.  TbeUfe  of  the  tfihk. 

Firft  find  the  Golden  Number  as  before  taught,  whidi  feck 
in  the  Column  of  Golden  Numbers  under  the  Time  in  which 
the  given  Year  is  included  \  rtght  a^ainft  the  Golden  Number 
of  the  Year,  in  the  laft  Column  but  one,  you  have  the  Day 
of  the  Month  on  which  the  Pafchal  full  Moon  happens,  which 
is  the  Limit  of  Eafter  ;  ^  fl-'om'  thence  run  your  Eye  down 
among  the  Dominica!  Letters  'till  you  come  to  the  Letter  for 
the  given  Year,  and  againft  it  you  have  the  Day  of  the  Month 
on  which  Eafter  foils  that  Year. 

Exam,  I.  To  know  when  £0^^  611s  in  the  Year  1754: 
The  Golden  Number  for  the  Year  we  have  already  found  to  be 
9^,  ahd  the  Dominical  Letter  F;  therefore  feek  in  the  firft 
Column  (the  given  Year  being  included  between  the  Yeafs 
1753  and  1899)  f^""  ^^  Golden  Number;  then  caft  your  Eye 
along  to  the  laft  Column  but  one,  under  the  Title  Pafchal 
full  #,  and  you  will  find  the  feventh  of  April  to  be  the  Day 
of  the  full  Moon,  or  Eafter  Limit ;  againft  which,  in  the 
laft  Column,  ftands  F,  which  (hews  it  to  be  Sunday^  there- 
fore the  next  Sunday  folkwing  is  Eaftir  Sunday^  whicbj  by 
going  down  the  Column  of  Letters  to  the  next  F,  you  will 
fand  to  be  the  fourteenth  of  Jprii. 
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Exam.  2.  To  know  when  Eafter  will  fall  in  the  Year 
2765  2  Look  in  the  feventh  Column  of  Golden  Numbtfr^. 
under  2600  to  2899,  in  which  the  given  Year  in  included,  for 
J  I,  the  Golden  Number,  for  the  Year,  and  right  againft  ic^ 
in  the  laft  Column  but  oi^e,  you  have  the  twenty-eighth  of 
March  for  the  Limit,  or  FuU^Moon  Day ;  then,  F  being 
the  Dominical  Letter  for  the  Year,  go  down  the  Letiers 
to  F,  which  ftands  againft'  the  tbirty-firft  df  Marcb^  for 
Eajter't>aj^ 

From  this  T^Ue  may  be  mode  a  partictilar  Table,  for  any 
Century  included  in  either  of  the  Columns.  Thus,  the  firft 
Column  including  the  Remainder  of  this  Century  and  the 
next,  the  following  Table,  made  from  thence,  will  fliew  the 
Time  of  Eajltr  to  the  End  of  the  Year  1899. 


A  T^te  for  fining  Eafter  to  the  End  of  tH  nineteenthX 

Century. 
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To  find  Eajer  by  this  Table,  find  the  Golden  Numlier  in 
the  firft  Column,  and  the  Dominical  Letter  at  the  Top  of  the 
Table ;  then  guide  your  Eye  from  the  Golden  Number,  in  a 
firaight  Line,  to  the  Column  where  you  found  the  Oominiqal 
Letter. 

Exam.  I,  To  find  Eqfler  for  the  Year  1754:  Look  for 
7,  the  Gplden  Number,  in  the  firft  Column,  and  for  F,  at 
the  Head  of  the  Table,  in  the  feventh  Column ;  then,  right 
againft  7  in  the  firft.  Column,  you  will  find  the  fourteenth  of 
Jpvil  in  the  feventh  Column,  under  F,  which  is  Eafter-Day. 

Exam,  2.  To  find  Eafttr  for  the  Year  1766:  The  Goldea 
Number  for  the  Year  is  19,  and  the  Dominical  Letter  E  ;  in 
the  Column  under  £,  right  againft  ig,  you  will  find  the  thirtieth 
of  Marcby  which  is  Eafigr-Swidiy, . 

As  to  the  Roman  Indiefion^  in  the  Diftich  for  finding  the 
Golden  Number  and  Cycle  of  the  Sun,  it  is  of  no  Ufe  but 
in  the  Court  of  Rome^  But  Jofephus  Scaliger^  by  multiplying 
the  Golden  Number,  Cycle  of  the  Sun,  and  Indidton,  ODp 
into  another^  made  a  Period  of  7980  Ye^s,  which  h^  caUo4 
the  7«iMff  Period;    Thus, 

Cvcle  of  the  Sun      .  — — -         28 

MMltipIie4  by  ;he  Gold.  Numb.  19 


2^2 

28 


53* 
Multiplied  by  the  tndifilon      15 


2660 
53* 

79?o 


This  Period  he  makes  to  begin  feven  hundred  and  fixty* 
four  Years  before  the  Creation^  according  to  the  Jfwijk 
Chronology. 


AN 
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APPENDIX, 


CONTAINING 


Cycles  for  the  Motions  of  the  Primary  Planets,  and 
Mr.  Whifton'i  Cycle  for  calculating  Solar  Edipies 

w;>i^0)// Parallaxes, 


NEAR  thirty  Years  ago  Mr.  Wbi/lon  publiflied  a  Cycle 
for  calculating  Eclipfes.  This  firft  induced  me  to 
think  the  Motions  of  the  Planets  might  be  computed 
by  a  Cycle,  fince  their  apparent  Motions,  as  beheld  from  the 
£urth,  depend  only  on  their  own  MQtions  in  their  Orbs.smd 
the  Motiog  of  the  ^arch,  whilft  Eclipfes  depeed  on  divers  vari- 
iible,  unequal  Motions,  On  Examination,  I  found  that  the  Mo- 
tions of  each  of  the  primary  Planeis  do  return,  after  a  Series 
of  Years  proper  to  each,  the  fame  in  both  theie  RefpeAs  ;  and 
that  their  Motions  will  be  nearly  the  fapie  in  a  future,  as  in  a 
paft  Number  of  Years,  thro'  fiich  a  refpedive  Cycle. 

The  Planets  moving  in  elliptic  Orbs,  in  one  of  wfaofe  F^ci 
the  Sun  is  placed,  their  Motions  are  flower  vvhen  at  a  greater 
piftance  from  the  Sun,  and  fwifter  when  nearer.  This  varia» 
tion  is  the  fame  in  every  Revolution  of  the  Planet,  and  is 
readily  adjufted  by  Tables  of  the  Equation  oiF  their  Anomaly  : 
Hence  their  heliocentric  Motions,  that  is,  their  Places  in  the 
Zodiac  as  beheld  from  the  Sun,  are  the  (ame  in  entire  Revolu- 
tions. But,  the  Earth  being  a  Planet  that  moves  round  the 
Sun  in  its  own  Orb,  the  other  Planets  Motions,  as  beheld 
from  the  Earth,  vary  according  to  the  different  Situation  of 
the  Earth  with  regard  to  the  particular  Planet,  as  well  as  from 
the  Planet's  Situation  in  its  Orb :  Hence,  for  the  geocentric 
Motion  of  any  Planet,  a  Period  is  required,  in  which  the 
Planet  has  the  iame  Situation,  with  regard  to  the  Earth,  when 
he  returns  to  the  fame  Bart  of  his  Orb. 

Since 
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Since  the  Earth's  Motion  in  her  Orb,  in  any  Number  of 
Years,  is  nearly  entire  Revolutions,  it  requires  only  a  Series 
of  Years  for  each  Planet,  in  which  the  Planet  performs,  entire 
Revolutions  ;  becaufe  all  the  Variations  in  the  Motion  of  fuch 
Planet,  whethei'  arifing  from  its  own  Motion  or  the  M<ftion 
of  the  Earth,  will,  after  iuch  a  Series,  return  again  in  the 
fame  Order.  Hence  the  Places  of  the  Planets  may  be  com- 
puted from  old   Epbemeridfs^    or  Aimanofis^   without  Cal- 

Saturn^  the  moft  remote  Planet  of  the  Solar  Syftem,  per- 
forms his  Revolution  in  twenty^-nine  Years,  one  hundred  and 
fixty-feven  Days,  four  Hours,  and  thirty-fix  Minutes.  In 
£ft^-nine  Years  he  goes  two  Revolutions  and  i  ^  .  i^  .  S'', 
and  the  Earth  in  the  fame  Time  &Ils  fliprt  of  emire  Revolu- 
tions biit  i^  .  4' .  57'';  whence  the  apparent  Motion  of  5j- 
turn.  affer  fifty-nine  Years,  will  be  nearly  the  fame  in  all 
Re(|.ei)^s  ^hro'  JTucb  another  Period.  The  mean  Anomaly  of 
the  Earth  and  Saturn^  according  to  Mr.  Strati  Jftrwomifi 
Carolina^  is- as  follows: 

Anomaly  of  the  Earth.  Aoomal]^  ojf  Saturn. 

40 1  Yearsc  \\  •.  ^9"* .  46' .    2''        4*.     8^  •  50' .  36" 
19  J    is    I II  •  29  .    9  .    %  7  .  22  .  10  .  32 

II  .  29  .  55  .    3      Excefs    i  «    i  •    8 

Dififl  from  12  Signs   i  .    4  •  57 

Thefe  Differences  make  very  fittle  Variation  in  Saturn*^ 
Motion,  as  will  appear  by  comparing  two  Years  at  fifty-nine 
Years  Diftance.  Of  this  I  (hall  give  two  Examples :  The 
firft,  of  the  Year  1694  compared  with  the  prefent  Year  1753 : 
The  other,  the  Year  1675  compared  with  1734.  But,  as 
in  each  of  thefe  Examples  there  are  fifteen  Leap- Years  in- 
tervening, one  Day  muft  be  abated  in  the  fifty-nine  Yean. 
Then,  with  Regard  to  the  firft  Example,  the  Style  having 
been  altered,  the  firft  Day  of  each  Month  in  1694  anfwers 
to  the  twelfth  in  1753;  only,  as  one  Day  is  abated  on  Ac- 
count of  the  fifteen  Leap- Years,  the  firft  of  the  Months  will 
anfwer  to  the  eleventh.  I  fhall  only  fet  down  the  firft  of  each 
Month  in  the  Examples  of  the  fuperior  Planets,  as  their  Mo- 
tions are  but  flow. 

Gi>Jburf% 
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By  thefe  Examples  it  appears,  ihst  the  DilFercnces  are  from 
one  to  about  two  Degrees  and  an  Half  more  in  the  fucceeding 
i*criod  than  ia  tbcftieceding  j-alfo  the  ReUogndatten  happens 
s  Day  later  in  the  Succeeding  than  in  the  precceding  Period. 
Thefe  Differences  heing  known,  the  Compuution  nwy  be 
made  to  a  fumcient  Degree  of  Exaftnefs, 

yw///<r's  periodic  Time  is  eleven  Years,  three  hundred  and- 
fifteen  Days,  twelve  Hours,  and  twenty  Minutes.  In  eighty- 
three  Years  be  falls'  fliort  i '  .  2' .  49"  of  four  Revolutions  j  in 
which  Time  the  Earth  falls  fliort  1°.  13',  50"  of  entire  Revo- 
lutions. Therefore,  if  we  add  one  Day,  and  make  the  Period 
eighty-three  Years  and  one  Day,  the  Differences  will  be  very 
inconIidenbIe>  as  appears  by  the  following  Calculation : 


~    Anomaly  of  the  Earth. 

8oiYrs.fii'.  29°. 3z'.  4" 
35  is  III  .  49  .14  .36 
X  Day  is  59-8 

n  .  29  .55  .48 
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Anomaiy  of  Jupittr. 
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The  Di^erenccs  hence  arifing  are  little  more  than  Half  a 
Degree,  as  appears  by  the  folloit^lng  Examples^  Where  ob- 
fervcy  that)  in  the  fiift  £xain|lle)  twenty-on^  Leap- Yeses  have 
intervenecb)  in  the  other,  the  Year  1664  is  Leap- Year, 
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Mars  perfbrofis  his  Revolution  in  one  Year,  three  hundred 
and  tvi^enty-one  Days,  and  twenty-three  Hours.  In  feventy* 
nine  Years  he  goes  but  29^.48''''  more  than  entire  Revohitionsi 
and  the  EaFrth  in  the  fame  Time  falls  ihort  x""  .xx\  ^b"  of 
entire  Revolutions. 


Anomaly  pf  the  Earth. 

6oiYrs.iii*.  a9^39^  f 
29 1  is    ^ix  ,  29  •  9 .   z 

II  .  28  .48 .  4 


Anomaly  of  Man. 
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19^  is    3   I  .    6  .16.36 
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The  Dtilerences  hence  aridng  wiU  appear  by  the  folbwing 
Examples : 
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In  the  firft  Ezan^pl?,  twenty  LeapnYdirs  Jiariiifl;  tntertenfdj| 
fhfi  Jificooc)  of  each  Miuith  In  1671  aofyt^ecs  to  the  firft  in  inioz 
In  the  othcTt  there  had  ^uc  otnet^n  LeaprY^rs  iacerMeaed^ 
Ihttdbre  the  firft  of  January  and  Fibnfary  in  2665  aofwers> 
fo  Se  firft  of  Jdm^ff  anil  fetmaty  i$  1744  s^  but»  that  ^ng 
I^taqp-Ycsiri  the  twenty*nintb  of  February  aikWera  td  the  fim 
tXiiarth  I  .therefore  the  fec<ind  of  Mareby  and  fJl  the  fuqpoed-^ 
ing  M9mltf  lA  X665,  agree  with  the  fiirft  of  each  correfpojiding 
Month  (h^  Remainder  of  tbd  Year* 

I^nks  revolves  round  tb^  Bun  in  two  bundre|i  and  twisntjr* 
tm  Day!  and  feveatjcea  ^Hours.  In  eight  Years  (he  goes 
^^j^S*i^^*  ^^^  1^^  emiire  Kevolutioosi  irt  which  Twc 
the  £a£th  ialls ihort  of  entire  Revolutions  %' .  48"^* 


Anomaly  ofVifm^t 


of  the  Earth. 
B  Year^  is    ti».  aq^.  57'.  ijt 
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BiflL£r^m  xa^ Signals   ^.48 


In  tMsjI^iod  the^  can  be  neither  more  or  left  than  two 
Lea^- Years.  The  Variations  in  the  Motion  of  fifaXf  from 
one  Period  to  anothpr,  will  be  feen  by  the  following  Examples 
of  tbr^  ft^nths  Motion  in  e^ch  Year, 


c  c 


7ii 


<f« 


M  At  H  E  M  At  ICS.  '   '^ 
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7S^  jytotion  of  Venus,;  Recording  to  Weaver*/  Ephcmcris 
174.4^,  from  tbi  iwentj'firft  «/' December  to  the  Endy  and 
ibi  fear  1745, /r^w  tbefirft  ^January  to  the  twenty-ninth 
i/*  March  inclufive^  compared  with  the  firft  three  Months  of 
thisprefent  Tear  1753,  according  to  While'/  Ephemifris. 
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Mireurfs  periodic  Time  ii 
cSghty-feven  Oays  and  twenty- 
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tnmnt^-fiamd  ^December  167^  htJbe  fiwenty-fo-Ji  ^March  1674, 
ftAen  ifovzftg  tweni^  Uaf-rears  intiroaiedj  tomfarei  ^ntb  At 

firjl  thru  Months  of  the  prefint  Tear  1753,  iKWfrfi^  ^  WMt  i 
JSjuenieiis* 
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Senas'/  Motion  for  thifirji  thru  MantBs  ofibi  Tior  16689  according 
/»  WsngV  Ephemerides,  mHpare/  wnth  fbe  fitfi.  tbfte  Mtnthi  of 
the- Teat  t747»  luarAtf  to  WetvtrV  £pheitiens«    But^jbm 

1 747,  thejkmal  $/)mttaif4n  $k$Jkitpf.  tm*ej^mis  iifnik  tk^jkfi 
in  ihg  Lmor^  iJobiA.  eoMtimUs  ^.  tJk  i«M^*invlt  tf  Fcfaniary 
1668,  ^ickmjfiuin  ifibtimmijmghlim  t^^j. 
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:7*he  DiSerences  aj^)ear,  by  fhele  Examples,  to  be  but  finalT^ 
artd  may  be  allowed  for,  a^^rding  to  what  each  Example 
Ib^ws  to  be  requifite.  Ai|d,  aa  <o  the  Place  of  the  Sua^  tbit 
jshv^liuiown  to. b^  the  famct  tatting  a  Cyck  qf  four  Yearsi^ 
on  Account  of  the  Leapt* Years.  So  that  the  Sun's  Placf  foe 
fottr  ftio^fllv^  Years  wtU  ferve  fer  a  Century,  adding  ono 
Minute  and  thuty-£x  Seconds  for  every  Cyde  of  lour  Years. 
Afid'vh^ir,  at  thf  End  of  a  Oentunr,'  the  Leap-Year  is 
oi^itteda  the  Cycle  Jkiuft  be'am4e  four  YWs  and  one  Day. 

;•     0/Mr.  Whifton'i  Cycle  for  Eclipfcs. 

The  moft  ufeful  Cycle  for  fllclil^esia  that  pubjiflied  by  P%, 
of  two  hundred  and  twenty-three  Lunations,  which  are  made 
in  eighteen  Years,  elevi^  ^^}?>  ^^^^^^^  Hours,  forty-three 
Minutes,  and  fifteen  Seconds.  $y  Reafon  of  a  Miftake  of  a 
Fig\u'e  in  P//Vi/s  Boqk,  it  being  two  hundred  and  twenty-two^ 
inftead  of  two  hundred  and  twenty-thrte,  this  Cycle  had  been 
taken  no  Notice  of.  Moft  of  his  Readers  fiadiog  it,  by  Trial,, 
to  be  a  Miftake,  enauired  no  ferther^  BuC  the  gteat  Dr.  Hglkj^ 
prefuming  on  the  sagacity  of  Phnjn,  made  &rther  Enquiry,. 
and  found  out  the  Miftake.  Perceiving  the  Ufefoinef^  of  this 
Cycle,  he  looked  on  it  as  a  valuable  Difoovery,  and,  I  fuppofe, 
intended  to  pablifh  it  to  the  World.  In  the  mqan  Time,^ 
Mr.  Whifton  learning  the  Dofior  had  made  a  Dticpvery  of  a 
Cycle  for  Eclipfes,  and  tb?t  he  called  it  the  Chaldtan  S^rsSf, 
be  recolIeAed  that  PHr^  had  made  Ufe  of  that  Word,  and 
thence  began  to  fu(ped  the  Dodor  had  his  Cycle  from  thenoe. 
On  fearching  Pliny^  and  finding  the  Number  wrong,  he  fooa 
found  OMt  the  Miftake,  as  Dr.  Halliy  had  done  before,:  and 
immediately  publiflied  it.  In  this  Oycl^  the  mean  Motion 
of  the  Moon  from  the  Sun  is  entire  Revolutions,  and  the  other 
mean  Motions  are  nearly  fo:  Hence,  t he ^  Eclipfes  of  the  Sun 
and  Moon,  in  this  Period,  return  with  nearly  the  fame  Clr- 
cumftances,  except  what  arifes  from  the  Excels  above  equal 
Days.     I  (hall  fet  down  the  mean  Motions  fnom,  Mr.  Whift^n. 

Mean  Motion  of  the  Sun  Mean  Motion  of  the 

or  Earth.  -     Moon  in  the  Ecliptic. 

1 8  Years     1 1 » .  29^  .  38'.  32T 

2 1  Days              10   •  50  •  32 
7  Hours                      17  .  15 
43  Minutes                      X  .  46 . 
15  Seconds i 

Sum         10  .  48  .    6 
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11      _-•   .       ,  .'   .'  Mean  Motion  of  the  Nod* 

Mean  Motion  of  the  AjK^^e.  ..    |,ackwards.  -      ' 

21  Dars       I  •  13  .  32 

7  Hours  I  •  57 

.    43i Minutes        ,       12 


n* 
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.   7' 
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56 
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6 

.  Sum        13  .  39  *•  34       Sum    ii  .  i8  ..43  .  38 

From  the  mean  Motion  of  the  Apogee        13*  .  39' .  34'' » 
Sabtraft  that  of  the  Mobri  in  the  Ecliptic   10   .48    .    6  . 


r«  ■> 


Remains        2    .51   .28 


To  the  mean  Motion  of  the  Moon  10'  .  48* .    6 

Add  that  of  the  Node       ,  —  ii*.  18   .43-38 


.* 


Sum         II  •  29    .  31.  .  44 


'    "^  iDifferencc  from  12  Signs  28  '.  16    j 

,'.  Thus  the  Difference  of  the  mean  Motipn  of  the  Apogee 
from  that  of  the  Moon  is  but  2^.  5I^  28 ^^9  wbich  is  about  -^ 
of  the  whole  DilFerence  of  180^  :  That  of  the  No(Je  is  biil 
zVl^  44"  9  ox  TXT  Part  of  the  whole  Difference :  And  the 
mean  Motion  of  the  Sun  differs  little  more  than  ^  of  the  entire 
Difference.  Which  Qjiantities,  being  but  fmall,  cannot  qcr 
cafion  any  great  Variations  in  the  Time  or  Circumff^nces  ^of 
the  Change  or  Full  of  the  Moon,  or  even  in  Eclipfes^  ^hick 
will  therefore  return  nearly  the  fame  in  different  Periods,  ,  •  • 

Tht  Limits  for  Eclipfes  are,  for  Lunar  Edipfes  11  ^  •  40 '^  or 
'/oo^r,  on  each  Side.. of  the  Node;  and  , for  Solar  .Eclipfo 
lb\.^^o\  or  iqoo'^  on  each  Side.  If  we  divide,  700'  kf 
^VZ.lii^^^  we  (ball  have  25  for  the  NumW  of  PeriQds^.^fter 
a, central  Eclipse  of  the  Moon  in  either  of  the  Nodes^  before 
the  Moon  gets  clear  of  the  Earth's  Shadow. 'entirely^, that  is^ 
450  Years,  for  18,  being  multipled  by  ^^^  produQea  >450 1 
and  it  is  double  that  Time,  or  900  Years,  'firom  the  Moon'^ 
firft  getting  within  the  ecliptic  Limits  on  one  Side  oJ[  ttf  N^dcy 
before  ibe.gets  clear  on  the  other.  And  if  lOpo',-  tl^  Ximit^ 
of  Solar  Eclipfes,  be  divided  by  28'.  i6'%  we  ftali  have  35 
for  tfae^ Number  of  Cycles  after  a  central  Eclipfe  of  the  Sun  in 

one 


%U        M  Atti  :g  MAftCt.  ^ 

pile  of  Uie  Nodcft,  befiirv  the  Earth  gets  cjear  of  the  ftiadxMr 
of  the  Moon;  thnt  is^  630  Yean,  thp  JVedttA^JF  i4  imdti* 
pikd  into  35  :  and  double  that  Time^  or  1260  Years^  from 
the  £arth^s  nm'commg  within  the«cKptie  LtmiCs  on  one^de^ 
'till  it  gets  entirely  clear  of  the  odier^  During  which  hug 
Periods  there  will  be  Edipfes  fomewfaerei 

Hence  the  Alteration  in  each  Period^  with  ReglrrJ  to  Lunar 
Edipfes,  will  be  -^  Part,  or  nearly  \  a  'Digit ;  and  in  Sohr 
Eclipfo  ^,  or  fomewhat  more  than  \  oi  t,  Digit :  Tho' 
Mr.  fVhyiony  by  Miflake,  makes  the  Alteration  about  a  Digit 
each  Cycle. 

With  Regard  to  the  Alteration  in  Time,  by  ftAiA  $$j 
Krlipfe  may  iatt  hdort  or  after  the  Condufion  of  the  Periodf 
this  dq)eii(b  on  the  Skv%tioa  of  the  Earth  and  Moon  in  their 
Orbits.  For,  if  the  Earth  be  nearer  its  Aphelion  than  the 
Moon  is  to  the  Apogee,  the  Earth  moving  comparatively 
flower,  and  the  Moon  comparatively  fwifiter,  the  Mosm  wiB 
aurrive  at  the  Conjundion  or  Oppdiition  fooner  than  fbc 
C)nclufion  of  the  Period.  If  the  Earth  be  fiirther  from  the 
Aphelion  than  the  Moon  is  from  the  Apogee,  the  contrary  will 
happen,  ;snd  the  Ecliple  will  fall  fomewhat  after  the  Exptratioa 
of  die  Period. 

The  Quantity  of  Time  to  be  allowed  in  thefe  Cafes  muft 
ht  determined  by  the  Anomaly  of  the  Earth  and  Moon.  Wp 
have  feen  that  the  Earth  goes  ro^  •  48^ .  6"^  of  Anomaly,  and 
the  Moon  2 "" .  5 1\  28"^  more  than  entire  Revolutions* .  Tliere- 
lore  the  Difference  will  be  the  Tin;ie  tbe  Moon  takes  to  go 
fudk  Diftanoc  as  is  the  Equation  for  io'^.48^.^"  jof  the  Eamics 
Anomaly,  in  fuch  Part  of  the  Orb  in  whicfi  the  Earth  tfam 
it,  "With  Regard  to  the  Earth's  Motion ;  and  fueh  Time  as 
tjie  Moon  takes  In  going  the  Equation  of  2^.  51' .  2^^\  in  tbe 
Part  of  Che  Orb  the  Moon  is  then  in,  for  tbe  Moon's  Motion. 

This  -mar  be  determined  by  tlie  two  foflbwing  Tables 
where  the  Time  to  be  added  to  or  fubtr^ded  from  tbe  Period 
of  eighteen  Years,  eleven  Days,  feven  Hours,  forty-thiet 
Mfnittet,  and  fifteen  Seconds,  is  calculated,  with  Rpgm'd  to 
the  8nn,  lot  the  particular  Month  in  which  any  Eclipfe  hap- 
pens; (but  then  it  muft  be  obferved,  that  this  Table  is  onade 
accord^  to  the  New  Style,  and  therefore  the  Time  to  t« 
addi^,  or  ftibtraded,  muft  be  fought  bv  the  Month  and  Day 
of  the  New  Style  on  which  any  bclipfe  happened  »)  and,  for 
the  Moon,  aecocdtng  to  her  mean  Anomaly  at  the  Time  of 
<he£dtpfe. 
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l!be  Ufe^  ibeit  TaUfl»  wfB  be  bcft  opUMd  h^ 
fcr  whkli  Purpofe  ^«e  may  take  Che  remarkabk  Sohr  Edqpfii 
which  happened  at  the  Siege  of  BarceUna  In  the  Year  1706, 
on  the  firft  of  JiSijf,  at  nine  Minutct  and  ibrtj*five  Secendt 
paft  Nine  in  the  Morning;  that  is,  according  to  Aftrooomical 
Compucacion,  May  o  *> .  2I  *  •  45' ;  to  which  in  etghteea 
Years,  that  b, -/itAn  J£fy  1706  to  JM9  17^  ^^^  Leap^ 
Days  intervening,  there  muft,  in  this  Cafe;  be  only  added 
eighteen  Years,  ten  Days,  feven  Hours,  forty*thice  Miantcs, 
and  fifteen  Seconds. 

To    1706' ^£9    o*.ar*.   q>\s'' 

Add      tS  10   .   7    •  43  .  15 



17^4    -*%    »!•    4  •  53  •    o 

Hence  the  next  corrtliKMidi^  £dipfi»  would  happen  at  fifty* 
three  Minutes  paft  Four  in  the  Afternoon,  ^m  the  devendi  of 
May  1734.  Then  fioditig,  by  the  Table,  the  former  Edtpfe 
happened  on  the  firft  of  J&y  OU  Style,  that  is,  the  twentieth 
id,A^U  New  Style,  there  moft  be  I9^4o'^  fiibtradcd  on 
Aoccfunt  of  the  Sun^s  Motion ;  and  Ibe  Anomaly  of  the  Moon 
for  the  fame  Tfane  I  find,  by  the  Aftronomical  Tables,  to  be 
8* .  3"*,  for  which,  Ibjr  the  Lunar  Table,  12' .  47''  muft  be 
fubtra£led  from  the  Time  bcfixe  found. 

-^fb    iqr.40''— Prom  JI&ynri*V4»,53'— 6" 

,  -Add' t «  .  47  • fiubtrift     3:2  .  17  • 


Sum  32  .  27  I  r   .  4    .  20  •  33 

Therefore  the  tnie  Time  for  this  Eclipfe  was  twenty  Minutes 
and  'thtrty-three  S^onds  after  Four  in  the  Afternoon.  But 
^hen  It  is  to  be  obferved  with  Regard  to  Sobr  Ecltpfes,  that, 
when  they  fall  in  the  Afternoon,  they  come  lomewhat  later, 
and  in  the  Forenoon  fomewfaat  fooner,  than  the  true  Coa- 
jundion.  So  that,  on  this  Account,  the  Eclipfe  happienQd 
about  one  Hour  and  three  Quarters  kter  at  L$ndon  ihzn  the 
Expiration  of  the  Time,  on  .Account  that  the  Eclipfe  in  1706 
.was  in  the  Forenoon,  and  that  in  1724  in  the  Afternoon :  So 
that  the  true  Time  of  the  Middle  of  the  Eclipfe  at  L9ndam 
on  the  eleventh  of  May^  at  Six  in  the  Afternoon* 
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t  -• 


,     :        To    1724'  i%  ii*^.    4*.  2o'.33' 

Add       18  ''    •    7    '43  •  15       V      ' 

1742  22     .12     .     3    .  48 

Which  bringi^thc  next  correfbondliig  E^lipfe  to  che  twenty- 
ficoad  of  May  1742,  at  thite  Minutes  and  forty-eight  Seconds 
paft  Midnight.  Fl^oin  which  fubtxad  the  fdlowing  Time, 
found  by  the  Tables : 

For  the  Sun'd  Motion  ilf«y  |i,  t^rAfrii^o^  fubtraft  25^.  jQ'^ 
For  tbp  Anomaly  of  the  Moon,  8^.6^,  fubtraA       1 1 .  22 


■»— -• 


Sum  to  fubtraA    I3t6  .  42 


,  From  -%;    22*.  I2^^'  3f.  4$ 
Subtraft  26  .  42 


1742  May  22  •  II  •  37  •    6  for  the  true  Time 
To^whichadd     18        .  10.  •    7  •  43  •.  ^5      (of  th^.  Middle 


Qives    Z760  Jum  i  •  19. .  %o  ,  21 
Add  for  the  New  Style      \\ 


(of  the  Edipfe, 


•  .  ^unt,  12  .19  «  2a«ai 

.• 

From  which  fiibtrad  at  ibUews : 

For  the  Sua's  Motion  May  22,  or  11,  31''  •  53^^ 

For  the  Anomaly  of  the  Moon,  8  * .  14^,       7  •  27 

Sum  to  fubtKi£l    39  ^  2i) 

From  7«»r  i2**,  19^,  20',  7n'' 
Subtra^  39  •  2.0 

.  12  .  18  .  41  ..     I 

.  ^  That  isy  the  thirteenth  pf  Jwt^  ^t  forty-one  M^QUten  p^ 
Six  ia-the  Morning, 

P  d  d  9  Fot 


«* 


r 

I 


For  another  Example  of  a  Solar  Edipfe,  let  it  be  the  very 
remarkable  one  that  happened  dib  tivcBty-Acond  of  jfyril  171^, 
at  twenty-five  Misntcs  and  feity-threc  Secondi  paft  Nine  in 
the  Momtog.  -----  — 

That  is      —    1715^  jfyril  21*.  21^.  25'.  43" 
To  which  add,       18  9^*    7t43*i5 

Givca     ~        17^    Jl^    %  ^   5  .    g  .  5g 

That  is,  the  fixond  of  ^£7  17339  about  Five  in  the  After- 
Aeon,  But  hem  tiw  Tine  of  the  tky  bfii^  4ker«d  from  iiw 
FoffmoDfi  to  thr  Afiernopo^  it  viU  ^  pnn  tw^  Hmif»  b^ 
00  that  Account.    The  Akencion  with  Regard  to  the  Motioii 

of  the  9iip  Mid  Mmn  w31  be  as  follows : 

For  the  Sun,  April  %Xy  or  |i  N.S.  fubtrad     13'  .  15'' 
Anomaly  of  the  Mo<^>  6'  •  ^*»  fuhtn^         27  •  3^ 

40  .  48 

Therefore  the  true  Time  b  about  Six  in  the  Afternoon ;  for 

From  the  Time helbie  foond      -—      5**   8"" .  58^ 
Subtrad  ■  ■    ■  40  •  48 


ftemam»       ••-^^        4  .  28  .  10 

To  which  add,  for  the  Alteration  I     •     ^»       ^ 

from  Forenoon  to  Afiarnoon,     i        •  45  *    ^ 


6  . 13  •  10 


To-whidi  Time,  1733^  May    2**    4^.  28'.  10 
Add        —  j8  II.    7-43- »S 


Gives        .^        1751    Mi^  13  .  12  .  II  .  25 

From  which  fubtrafi  as  follows : 


}20. 


10 


For  the  Sun's  Motion,  May  2,  or  April  21  New 

Style,  fubtrad  —  

for  the  Anomaly  of  the  Moon,  6' .  23S  fobtraa     27  •   7 

Sum  to  fubtraft 
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From  May  13*.  12^.  11'.  45' 
SubtraA  47  •  '7 

«I3  *  II  •  94  ,    8 

Which  bfippeniog  at  Midnight,  was  of  Courie  invifible  tp 
1I6*    Tbr  neni  will  happtn  a$  follows : 

To  iiy5iy  M^y  13*.  11^.  24  .   V' 
Add     18  ID  •    7  ;  43  .  15 

1769  ft3  .  *9  •    7  •  23 

From  which  fubtrad  as  follows : 
For  thcScin's  Motion,  May  1 3,  or  2  N.  S.  (ubtrad    26' .  33" 


For  t^c  Moon'$  Anomaljr,  6».  23*,  fubtraft     —     26  .  44 


From  May  23**.  19^.    7'.  ^3 
Subtrad  53  .  17 


53  •  »7 


i«MH» 


23  •  18  •  14  .    6 

That  IS,  the  twtnty-fointh  of  May  1769,  at  fourteen 
Minutes  and  fix  Seconds  paft  Six  in  the  Morning,  Old  Style ; 
but,  by  iReafen  of  the  Akeratipn  of  the  St^^le,  this  Eclipfi 
wilt  ftll  on  the  fourth  of  June^  at  the  (ame  Time  of  the  Day. 
^  The  next  Example  fhall  be  of  a  toul  Eclipfe  of  the  Moon^ 
which  happened  on-  the  twcnty-^third  of  February  1700,  at 
twenty- four  Minutes  and  forty-fix  Seconds  paft*G^ven  in  the 
Morning :  To  which  adding  eighteen  Yean»  ten  or  eleven 
Pays,  (according  as  there  have  happened  either  five  or  four 
Leap-Oajrs)  fen^  Houn,  forty-three  Minutes,  and  fifteeii 
Seconds,  'three  thnes,  we  fhall  have  the  three  fucceffive  cor-f 
refpondent  Lufiar  Eclipbs  as  fellows : 

To         .         X700J'     Ftb.    %%^.  19*.  H'-  46'" 

Add  — —  18  10  •    7  •  43  •  'S 


Gives  for  the  fecond    1718  March     5  •    3  .    9  .    i 
To  whicb^add      ~       x8  lo  .    7  .  43  .  15 


Gives  for  the  third     1736   March    15  .  10  ,,51  •  16 
To  which  add      *-«       18  11  •    ^  .43  .15 


Gives  for  the  fourth    1754  Mttrch  26  .  18  .  34  •  31 

Th^t 
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That  is,  the  feventh  of  Jpril^  N««r  Styk,  at  diirtjr-lbur 
Minutes  and  thirty-one  Seconds  after  Six  in  the  Marniog.  Xo 
each  of  which  adding  or  fubtrading  the  Time  ia  the  forgo- 
ing Tables,  we  (hall  have  the .  true  Time  of  each  Eclipfe : 
Thus»  the  firft  Eclipfe  ha{>pening  on  the  twennr-third  of 
Pihruary^  Old  Style,  and  the  Anomaly  of  the  Ntom. being 
then  7*.  8^,  one  being  add,  the  other  fubtrad;  their  Dif<- 
Jerence  being  added,  as  that  is  the  gmtor  Partj  gives  the 
true  Time : 

For  the  Sun's  Motion,  Fih,  23,  or  12  N.  S.  add    29'.  4.3'' 
For  the  Anomaly  of  the  Moon,  7*  •  8%  fubtnA   22  •  51 

DiffeKtnce  tQ  add        6  ,  5a 

What  is  to  be  added  or  fubtra&ed  for  eadi  of  the  other 
two  b  as  follows : 


For  the  Sun*s  Motipn,  March  5,  or  Fibnunj  22 1  ^^^   ^  „ 

New  Style,  add        J  *3  •  *i 

For  the  Anomaly  of  the  Moon,  7'.  11%  fubtraA     21  •  50 

Diflnrencetbadd        i  .^i 

For  the  Anomaly  of  the  Moon,  7*.  14%  fubtrad      21* •  46** 
Fbr  the  Sun's  Motion',  March  1^5,  or  4  N.  S.  add  ,   14  .  39  .. 

Difierence  to  fubtraA        7  •    7 

TbthemcanTimeofthe2d,  1718  Aftfrfi5'*.3*'.    *'•    *** 

Add        ■    ■  '  ■  6  ■  52 

Gives  the  true  Time,     —      17 18  March  5  .  3  -  14  •  53 

To  mean  Time  of  the  3d,      1736  March  15*.  10*.  51'.  16'' 
Add  6'. 52"  and  I'-Si",  i.  e.        -7—  8  ,23 

Gives  the  true  Time,  1736  March  15  •  10  .  59  «  39 

To  mean  Time  of  the  4tb,  i754^j^i7N,S.  6**.  18**.  34'.  31'' 
Add  the  DifF.  of  8" .  23''  and  7' .  f\  t.  c. i  .16 

Gives  the  true  Time,*     1754  April  N.S,  6  .18  .  35  •  46 

The  principal  Alteration  in  this  Period  is  with  Regaht^^to 
the  Time  of  the  Day,  on  Account  o£  the  fpyen  Hours^,foriy<» 
U)ree  Minutes,  and  fifteen  Seconds  i  which  not  only  makes  s^ 


-.         .IfB* 
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rence  with  Regard  to  the  Places  where  thofe  EcliplBs. 
are  vifible,  bur,  in  Solar  Eclipfes,  makes  a  more  confiderable 
Akf  ration  with  Regard  to  the  Time  and  Quantity ;  tho^ 
Lunar  EcUpfes  are  abiblutely  the  fame  in  all  Places  where 
they  are  vifible.  To  remove  thefe  Inconveniences^  Mr*  Whtftoi^ 
propofed  the  putting  three  of  thefe  Cycles  together,  which  he 
calls  the.  grand  Cycle  for  Eclipfes,  in  which  the  odd  Hours 
and  Miiiutes  amount  nearly  to  -a  whole  Day :  By  which 
Means  the  Eclipfes  will  be  brought  to  nearly  the  fame  Timq 
of  the  Day,  in  the  (amo  Places,  with  only  fifty  Minutes 
Anticipation.  This  Cycle  confifts  of  fifty-four  Years  and 
thirty-two  or  thirty-three  Days,  (that  is,  thirty-two  Days 
when  foturteen  Leap-Days  have  intervened,  and  thirty-three 
Days  when  there  has  been  but  thirteen  Leap-Days)  abating 
fifty  Minutes,.  This  Cycle  brings  the  Eclipfes  to  almoft  the 
fame  Time  of  the  Day,  and  with  nearly  the  fame  Circum- 
fiances,  and  is  therefore  preferable  to  the  fingle  Cycle,  efpecially 
for  Solar  Eclipfes  :  This  has  been  already  &ewn  in  the  formei; 
Examples.  Thus  the  Sokr  Edtpfe  on  the  firfl  of  May  .1706, 
at  Nine  in  the  Morning,  by  the  Addition  of  fifty-four  Yeais 
and  thirty*two  Days,  wanting  fifty  Minutes,  (as  there  are 
fourteen  Leap-Days)  b^i^gs  us  to  the  fecond  of  Junt^  Old 
Style;  that  is,  the  thirteenth  of  ^une  1760,  at  about  Seven  in 
the  Morning.  Thus  alfo  the  great  Eciipfe  of  the  Year  17 15 
will  happen  in  the  Year  1769,  within  about  two  Hours  of 
ibe  fame  Time  of  the  Day.  A^d  the  laft  Example  of  the 
Lunar  Eclipfe  will  be  but  little  more  than  Half  an  Hour  foonej^ 
than  it  happened  in  the  Year  1 700. 

Eclipfes  of  the  Sun  that  are  central^  are  either  total,  wheti 
the  whole  Body  of  the  Sun  is  hid  by  the  Moon  ;  or  annular^ 
when  the  Moon's  apparent  Diameter,  being  lefs  than  the  ap« 
parent  Diameter  of  the  Sun,  cannot  bide  the  whole  Body  of 
the  Sun,  but  a  Ring  of  Light  is  feen  round  the  Moon's  Body, 
Alfo  the^  Duration  of  total  Darknefs,  in  total  Eclipfes  of 
the  Sun,  is  longer  or  fborter,  in  Proportion  as  the  apparent 
Diameter  of  the  Moop  exceeds  that  of  the  Sun.  Thefe  Dif- 
ferences arife  from  the  diiFerent  real  Diflances  of  the  Earth, 
Moon,  and  Sun;  For,  if,  .at  the  Time  of  a  central  Solai; 
Eclipfe,  the  Earth  be  in  the  Aphelion,  at  ^hefarthefl  DiAance 
from  the  Sun,  the  apparent  Diamerer  of  the  Sun  being  then 
leaft,  and  the  Moon  in  the  Perigee,  or.  neareft  Diftance,  and 
of  Courfe  its  apparent  Diameter  greateft,  the  total  Darknefs  ' 
will  be  of  bnger  Duration :  On  the  contrary,  the  Eaitb  in 
its  Perihelion,  the  apparent  Diameter  of  the  Sun  befng  then 

grcateft 
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|reateft,   tnd  the  Moon  in  her  Apogee,    in  t  tthtfti  Sohf 
Eclipfe,  there  can  be  no  total  Darknefi  ;  bat  the  EcVpfe  ^i^ill 
be  annular,  that  it,  a  Rint  of  tbe  Solar  Light  wilt  be  tftn 
round  tbe  Moon*s  Body.    Therefore,  if,  at  any  central  £dt^^ 
(he  Earth  is  going  from  the  Aphelion  to  the  Perihefioh,  the 
Stin's  apparent  Diameter  will  gradually  increafe  every  CycJe  % 
and,  from  the  Perihelion,  decreafe  'till  arrived  at  tbe  Aphe- 
lion.    The  fiime  it  the  Ca(V  with  Regard  to  the  appareftt 
Diameter  of  the  Moon,  which  increafes  from  the  Apogee  to 
the  Perigee,  and  decreafes  from  the  Pierigee  to  the  Apogee« 
Now,  if  the  Moon^s^  apparent  Diameter  be  inereafing,  and  the 
Sun's  decrcafmg,  the  Ech'pfet  will  every  Cycle  increafe ;  b«f , 
if  the  Moon's  apparent  Diameter  decreafet,    imd  (he  Sun^s 
increafes,  there  will  be  every  Cycle  lefs  total  ObfcufHy,  'till 
the  Eclipfc  becomes  annular :  Laftly,  if  the  Diameters  of  the 
Sun  and  Moon  are  both  increafmg,  or  both  detrreafing,   the 
Eclipfes  will  be  nearly  the  fame  thro'  a  long  Succeffion  of 
Periods. 

The  Situation  of  the  Earth  in  Its  Orbit  may  be  knowi^  by 
the  Time  of  the  Years  for  the  Earth  is  in  irs  Aphelion  about 
the  thirtieth  of  Jum^  and  in  the  Perihelion  about  the  thirtieth 
of  Detefniir;  and  increafes  one  Sign  of  Anomaly  in  about 
thirty  Days,  or  nearly  a  Degree  each  Day.  And,  as  to  the 
Anomaly  of  the  Moon,  the  Days  (he  is  in  her  Apogjee  and 
Perigee  are  noted  in  all  Ephemerides ;  and  her  Motion  of 
Aiiomaly  being  about  thirteen  Degrees  a  Day,  that  is,  a  Sign 
fai  fomewhat  lefs  than  two  Days  and  an  Half,  it  wttl  not  be 
difficult  to  determine  the  Anomaly  of  the  Moon  when  any 
Edipfe  happened  by  an  old  Ephemeris,  without  Afbonomical 
Tables^  near  enough  for  the  Purpofe  of  determining  the  Varia- 
tions of  any  future  Eciipfe,  either  as  to  their  true  Time  of 
happening,  by  the  Tabic  above  given,  or  the  Increafe  or 
Decreafe  of  the  Obfcurity  of  central  Edipfes.  Only  oWerve, 
that  the  Anomaly  of  the  Moon  is  reckoned  from  the  Apogee, 
and  of  the  Earth  from  the  Aphelion. 

Thus  may  the  Full,  Change,  and  Quarters  of  the  Moon^ 
and  Eclipfes  both  of  the  Sun  and  Moon,  be  found  by  the  (ingle 
or  grand  Cycle,  with  little  Trouble,  to  a  good  Degree  of 
Exafinefs.  And  bj  the  fame  may  alfb  be  found  the  Moon'^ 
Place  in  the  Zodiac ;  for,  the  mean  Motion  of  the  Moon  frotA 
the  Sun  exaAly  correlponding  with  thefe  Periods,  the  Diftance 
of  the  Moon  from  the  Sun  will  vary  yrcrj  little  thro*  any  fuc^ 
cecedmg  Period  from  what  it  was  in  a  former. 
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To  find  thi  Mooff^t  Place  in  the  Zodiac  by  the  grand  Cycle  rf 
fifty-four  Tears  and  thirty-two  or  tbirty^three  Daysy  abating 
fifty  Aftnutes, 

Rule.  From  the  given  Time  fubtrafl  fifty-four  Years  and 
thirty- two  or  thirty- three  Days,  according  as  fourteen  or 
thirteen  Leap-Days  have  intervened ;  then,  by  an  Ephemeris 
for  that  Year,^  take  out  the  Moon's  Place  in  the  Zodiac  for  the 
given  Day,  and.  alfo  the  Sun*s  Place ;  from  the  Place  of  the 
Moon  fubtraA  the  Place  of  the  Sun,  adding  twelve  Signs  if 
neceflary,  and  the  Remainder  is  the  Moon's  Diftance  from 
the  Sun  ;  this  being  added  to  the  Sun's  Place  for  the  given 
Day,  gives  the  Moon's  Place,  for  the  fame  Day  very  nearly, 
making  Allowance  for  the  fifty  Minutes. 

Exam.  I.  The  prefent  Year  1753,  January  i.    . 

This  being  fince  the  Alteration  of  the  Style,  eleven  Dayc 

nauft  firft  be  fubtra^ed. 

« 

To  January        1 

Add       ■  31     Days  for  December. 

SubtraS     —     11 

December  2i,    Old  Style,  1752. 

To  which  add    30    Days  for  Novembers  , 

SI 
Subtraft    —     32    Days  54  Years, 

19   November     ibq[i. 


Moon's  Place  Nov.  1991698,  is  ''Li3'*.i9'>  ^.  e.  7*.    3*.  ic^ 
To  which  add         —  -__-  1 2 


Sum 


19 


}    8.    7 


19 

SO 


From  which  fubtra^  theSun's Place  the  fame 

t>*y»  t  7''-50  »  '•^-        ■■  '  

Remainder  is  the  Moon's  Diftance  from  the  Sun  10  •  .25  .  29 
To  which  add  the  Sun's  Place  Jan.  i>  I7S3>       9  .  11  .  21 

Gives  the  Moon's  Place  the  fame  Day      — — -     8  •    6  .  50 

That  is,  t  6^  •  50%  the  Moon's  Place  at  ten  MHiutes  after 
Eleven  o'Cbck ;  to  which  adding  27'  for  the  Moon's  Motion 
in  fifty  Minutes  of  Time,  gives  t  7**- 17'  for  the  Moon's 
Place  at  Noon,  on  the  firft. of  January  1753:  Amd  by  tVhite^% 
Ephemeris  it  is  /  7^ .  22"'.  ,     . 

£  e  e  Exam,  2. 
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Exam.  1.  To.  find  the  Moon's  Place  fcr  JoMuary.  5>  X7S3, 
which  correrponds  with  November  23,  1698. 

Moon's  Place  November  23,  1698,  is     8*.  21**.    8' 
Sun's  Place  on  the  fame  Day        —       8  ,  ii  .  54 

Diflance  of  the  Moon  from  the  Sun        o  »    9  •  14 
To  which  add  the  Sun's  Place  for  J  a-  \  ^     ,^     _^ 
nuarys.  I7S3>  ^  i5"-a6%  i.e.    J9^iS^ 


To  this  Sum  add  for  the  fifty  Minutes 


9  •  24  .  4X> 
9  .  25  •    7 


Tb^t  is  >ef  25^/7':  And  by  »W//s  Ephcmerb  it  is 
Mf  25^.  5';  In  the  fame  Manner  may  the  Mooa'a  Pboe  fot 
any  afiigned  Time  be  computed  from  an  Ephemeri^  fifty-four 
Years  back.  But,  for  the  farther  Satis&dion  of  the  Reader, 
I  will  here  ^ve  the  Moon's  Motion  in  the  Zodiac*  computed* 
as  in  thefe  Examples,  from  G^^^^trfy'sEphonerides,  from  the 
nineteenth  of  November  1698  to  the  twcnttoh  of  Decemier 
indufive,  which  anfwers  to  the  Month  of  Jam$ary  1753  ; 
and,  by  ietting  down  the  Moon's  Motion  in  the  lame  Month 
of  January  from  ff^te*s  Ephemeris,  it  will  appear  how  near 
the  Computation  correfponds  with  the  Aftionomical  Calcu- 
lation of  that  Author. 


- 

C  *s  Place 

C  *s  Place 

C  '8  Place 

C  's  Phu:e 

• 

I 

computed. 

b/  ^irV#. 

16 

computed. 

b/  JTiv^. 

70 1 17' 

70  /  22' 

170      13' 

140      59' 

2 

19        i8 

19        24 

«7 

2  9  20 

29        50 

3 

I  V  >6 

t.V  19 

18 

17  ^  36 

1$  «    0 

4 

13        12 

13        12 

«9 

2  ft  52 

0  a  22 

S 
6 

«5         J 

25          5 

20 
21 

17        58 

15        42 

7  a:    3 

6  «  57 

2  «  44 

0  np  49 

7 

19         I 

18        50 

22 

«r       3 

»s      33 

8 

I  X    3 

oX  48 

*3 

6  tfa  54 

29     49 

9 

13             II 

12       51 

H 

14        17 

13  s^  32 

10 
II 

25             29 

^          5 

26 

27          4 

26      48 

8  r  8 

7  r  29 

9  "U40 

9  "U39 
22          8 

12 

21             5 

20      II 

27 

22          8 

»3 

4  «  26 

3  «  13 

28 

4  J   »5 
16        12 

4  /  »» 

H 

18         15 

16     39 

«9 

16        24 

»5 

2  n  31 

0  n  35 

30 

28         6 

28  ao 
10  yr  12 

>««i 

3> 

9  yr  59 
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The  Latitude  of  the  Moon. 


»753- 
Jan. 

C  L«t 

South. 

18 

+0     28' 

»9 

+      5+ 

20 

4      59 

21 

4      43 

22 

4        8 

23 

3      »9 

2+ 

2         19 

:i 

0       7 

27 

ON.  $9 

a8 

2           0 

«9 

»      5$ 

30 

J     4» 

3» 

4      »9 

t 

'698. 

Nov. 

20 
21 
22 

«3 
24 

25 

26' 

27 
28 

29 
Dec.  1 

4 
5 


€ 

Lat. 

Noith. 

2« 

H' 

II 

0 

36 

3 

t6 

»S 

•  ^ 

Q 

3* 

5» 

2 

57 

< 

53 

0 

39 

oS 

1 

1.39 

I 
3 

'\ 

4 

6 

»753- 

<  Lat. 

Jan. 

Nortk. 

I 

20     4' 

2 

2      59 

3 

3      46 

4 

4      23 

5 

4      48 

6 

5        » 

7 

5        » 

S 

4      48 

9 

4      ^» 

to 

'a    43 

11 

^    54 

12 

Jt    55 

n 

0    48 

H 

0  S»23 

15 

,*      3.5 

»6 

,2      44 

"7 

3      43 

1698. 


7 
8 

9 

10 

II 

12 

«3 
«4 
»5 

76 

»7 
18 

»9 


C  Lat. 
South 

4^    49' 


5 
5 

4 


»3 

\ 

16 


^ 

■  V 

3 

28 

2 

.  «4 

1 

>7 

0 

6 

I   ] 

N.  0 

2 

5 

i 

3 

5» 

4 

*3 

The  Diflfefeaocs  diat  appear  ki  this  Exan^le  miglH;  be  ac* 
counted  for  by  the  Anomaly  of  the 'Earth  and  Moon»  i^  as 
to  bring  it  within  a  few  Minutes  in  the  Longitude:  And 
by  that  the  Latitude  might  alfo  be  brought  to  the  greateft 
£xadne(s.  By  thefe  Cycles,  the  Motions  of  the  Sun,  Moon, 
and  Planets,  may  be  computed  for  a  whole  Year,  with  lels 
Trouble  than  is  required  for  one  fingle.Day  by  the  Aftn>« 
inimical  Tablos.  .  _      - 


FINIS, 


ERRATA. 


Pafe. 

6>  Liae  t,  read  y  j   Line  24*  nod 

Bxtm.  I.  The  two  Niunenton 

X  ud  3. 

43j  la  the  (^otieot  tot  Penee  of  the 

iecond  Example  read  6^  aad  the 

Remainder  0 1  and  the  Anfwer 

3/.  151.  td,  i* 

Xt6»  1.  3,  rcA/diridiag  the  8  Feet  by. 

'55^  1'  i»  fi^  A  C  r€Md  B  D>  and  fir 

BP  read  AC. 
X57,  in  the  fecoad  Example,   read  the 
Work  thiu^    6)i44(s4 
tz 

H 
H 


t59>  L  6y  pot  the  Dot  after  the  t,  thut, 
i.6ft5  }  and  on  the  other  Side, 
fir  12.9Q00,  rtad  13.0000. 

X03»  '•  5»  r^'^Remainder. 

J  74,  laft  Line  but  one,  rtad  Art.  64. 

xSi,  dele  the  Dot  in  the  firft  Operation. 

188,  in  MafoM*  Work,  1.  3,  read 
Length,  Breadth,  -and  Thickneia. 


Page. 

'95«  1*  'Si  ''Mi  bag* 

204,  Exam,  ft,  L  3,  rw/3.|3s|M« 

205,  L  5,  dele  .6. 

206,  L  14,  'mJ '454235. 
2X1,  L  27,  raMPkoii.  9. 

214,  L  13,  r«ii  .55>I33* 

215,  1.  18  and  20,  r«M  .552x33;  L  tt» 

rW  z»773586. 

222,  1.  9,  read  ix. 676694.  . 

254,  1.  29,  rtad  the  Circle  HZRK. 

In  the  Refoencea  in  Spherical  Trigo-. 
nomeCrj,  and  Aflrooomv,  itad  one 
left  than  it  printed,  at  for  EVob.  41 
lead  Ph>b.  40,  &€, 

^7Sf  ^«  $9  '^  iecondRole. 

282,  L  9,  read  Q.705469. 

*85,  L  34,  rftf/o.  529x40. 

286,  1.  12,  read  Prob.  87. 

306,  L  ult,  fir  Perpendicular  read  Side. 

321,  1.  32,  dele  at  right  Anglei. 

350,  1.  20,  read  Mmt, 

353,  L  42,  read  one  Foot  in  r. 

37  X,  1.  3«  rfA/ is  iiidaded. 

381,  L  I,  fir  Venut*<  rW'Mercnry'*. 


In  the  Description  of  the  Tablet  of  the  Logarithms  of  Nombers,  Page  200,  it 
mentioned  e  Repetition  of  the  Numbers  in  the  nrft  eolomn  of  the  right-hand  ^i^h 
bot  they  aie  pcinted  frithoat  fiich  Repecttioo. 
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TABLE 


O    F 
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Logarithm   Numbers, 

From  One  to  Ten  Thoufand: 

WHEREBY 

The  Logarithm  of  any  Number 
under  400000  may  be  readily 
di(covered. 
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LOGARITHMS. 
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2 

3 

4 

I 


9 

lO 

ri 

12 


«3 
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oooooo 
301030 

477"' 
609060 

698970 
78151 


i 


4509* 
903090 

95424* 
oooooo 

041303 

079181 


ELsrrmiM 


"3943 
146128 

176091 

204120 

a3P449 
255272 


34 

40 

4' 
4» 
43 

44 
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53»479 
544068 

556303 
568202 

579783 
;9io64 
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47 
48 
49 
50 

ii 


ioaooo 
612784 
623240 
633468 

6^1212 


69 

70 
71 

7« 


73 
74 

I 


662758 
672098 

68 I 241 
690196 
698970 
707570 
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£ 


9 
o 

81 

82 

P 
84 


826075 

838849 
845098 

851258 
85732^ 

863323 

869232 
875061 

880813 
88649X 

892094 


897627 

903090 
908485 

9I38I4 

919078 
9»4279 
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20 
21 
22 

23 


*5 
26 

3 

29 


278753  I 
301030  I 

322219 

342422 

361728 
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397940 

414973 
43*364 
447 « 58 
462398 

422121 


5» 
53 

54 
55 
56 


60 
61 
62 


719003 
724276 

73*394 
740362 

748188 
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770852 
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93 
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66 
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991226 

995635 
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000000 

004321 ' 


012S37 
oifos} 


000434 
004751 
009026 
013259 
01745 I 


000868 
005181 

009451 
013679 

017868 


001 301 
005609 
009876 
014100 

oi82af. 


001734 
006038 
010299 
014521 
018700 


07 
08 

09 


021189 
025306 
029384 

0354M 
0374^6 


021603 
025715 
029789 
033826 

OiZ82£ 


022016 
026x25 
030195 
OJ4227 
038223 


022428 
026533 
030599 
034628 
038620 


022841 
026942 
031004 
035029 

0390' 7 


10 
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12 

13 
^4 


04«393 

0453*3 
049218 

055078 
0^0905 
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060698 
064458 
068186 
071882 

07S547 


041787 

0457«4 
049606 

053463 
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058046 
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077004 
080626 
084219 
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091315 
09A820 
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01747 
05169 

08565 
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16 
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18 
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064832 
068557 
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090963 

09447' 
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28 

?9 


10 
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07209 
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097257 
00715 
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097604 
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04487 
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097951 
01403 
04828 
08227 


30 

3» 
3* 
33 

21 


«3943 
17271 

20574 

23852 

27 1 05 


14277 
17603 
20903 
24178 

30655 
33858 

37037 
40194 

433*7 


14611 

^7934 
21231 

*4504 

22ZiL 


»4944 
18265 

»«559 

24830 

28076 


15278 
18595 

12 1888 
!2|I56 

*i222 


36 

37 
38 
3^ 


30334 

33539 
36721 

39879 

430'5 


30977 

34"  77 

37354 
40508 

43632 


31298 

34496 
37671 

40822 
4395' 


31619 

348'4 

37987 
141156 

[44263 


40 
4» 

4* 
43 

44 


46128 
49219 
52288 

55336 
58362 


*  •« 


46438 

495*7 

5*594 

55639 
58664 


46748 

49835 
52899 

55943 
5^965 


47058 
50142 
53205 
$6246 
59206 


'47367 
50449 
53509 
5S549 
59567 


m^ 


The  Taile  of  Logarithms. 


15 
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oo646iS 
010724 
014940 
0x9116 
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006894 
011x47 

212121 
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00732X 
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015779 

o»9947 
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016197 
02036X 
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008174 
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024896 
028978 
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037028 
040998 


43* 
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023252 
027349 
031408 
035429 


023&04 

o»7757 
031 81 2 
035829 

039^' » 


024075 
028164 
032216 
036229 

040207 


024486 
02857X 
0326x9 
036629 
040602 
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408 
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043362 
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070038 
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044539 
048442 

052309 

056x42 

052211 


044932 
048830 
052694 
056524 
060320 


393 
389 

386 

382 

379 


2958 
066699 
070407 
074085 

07773' 


063333 
06707 X 

070776 

07445* 
078094 


053709 
067443 
07x145 
074816 

07^457 


064083 
0678x5 
07x5x4 
075x82 
0788x9 


376 
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369 
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080987 
084576 
088136 
09x667 
095x69 


08x347 
084934 
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092018 
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1 


62266 
65244 
68203 

7"44 
74^59 


4 
1625^ 
165541 
168497 

7H34 
74JS2 


50 
5« 
5* 
53 

it 

[I 

57 
5« 
i2. 


60 
[6t 
[62 
63 

-^ 

65 
66 

(>% 

^9 


70 

7« 
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'*^\ 
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99206 

»0'943 


90892 
93681 

96453 
99206 

201043 


2041 19 
206820 
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g'4844 
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225309 
227887 


230449 
232996 

^35528 
238046 

240549 


204391 
207096 
209783 
212454 
215109 


>4^ 


76959 
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88316 


91171 
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96729 
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76 

77 
78 
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236033 
238^48 
241048 


243286 

245759 
248219 

250664 

253096 


243534 
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248464 

250908 

253334 


204934 
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210319 
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215638 
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223496 
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233757 
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238799 
241297 


243534 
246252 

248709 

251151 

253580 
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[8ois6 

82985 

85825 

88647 


91451 

'94237 
197005 

99755 
202488 


205204 
207904 
210586 
213252 
215902 


218536 
221153 

223755 
226342 

228913 
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23^1 

236537 
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24«?46 
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82 
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269513 
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255996 
258398 
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275081 
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162863 

i6$838 

16879a 
171726 

174641 

177536 
1 8041 3 

183269 

186108 

188928 


163459 
166430 

169380 

172311 

175222 
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6613A 
69086 
72019 

74^11 


63758 
66726 
69674 
7*603 

755K 


64055 
67022 
69968 
72895 

75802 
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293 
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77825 
80699 

83555 
86391 

89209 


170113 
180986 
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186674 
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86956 
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95346 
98107 

2Q0850 
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81558 
84407 
87239 
90051 
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194514 

197^81 
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202761 
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9479* 

97556 

^00303 

20303 
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195069 

197832 
200J77 
203303 
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ioooi 


l£3j 

!ool 


200286 
208978 
211054 

21x314 
1*16957 


92846 

95623 
98382 

201124 

203848 


20655^ 
209247 
211921 

*i4579 
217221 


279 
278 
276 

*74 
272 


•05475 
ao8i73 

«io85t 

$13518 

**6i66 

21 8798 

221414 
224015 

226599 
<*9i69 


2057 

208441 

211121 

213783 

216429 


200010 
208710 
211388 
211049 
$16694 


271 
269 
267 
266 
264 

21S2 
261 
259 

256 


219060 
221675 

2*4*74 
226858 

229426 


219321 
221936 

**4533 
227115 

229682 


219585 
222196 

224791 
227372 
229938 


229B46 
222456 
225051 
227629 
230192 


231724 
234264 
236789 

239*99  i 


231979 

*345i7 
237041 
*39549 
*4*044 


232234 

23477.0 
237292 
239799 
242293 


232488 
^35023 

*37544 
240049 


232742 
235276 
237795 
240299 
242789 


24x277 

*46745 
249198 

*5i638 
254064 


*445*S 
246991 

*49443 
251881 

*543o6 


256477 

158877 
261203 

263636 

268344 
•70679 

173001 

275511 
277609 


256718 
259116 
261501 
263S73 
266232 

2IS8578 
270912 
27^233 

275542 
277838 


244772 
247237 

249687 

252125 

*54548 


256958 

*59355 
161 739 

264109 

260467 

^8812 
271114 

273464 
275772 
278067 


245019 
247482 
249932 
252368 

3547?9: 
257198 

*59594 
261976 

264346 

266702 

26904^ 

271377 

273696 

276002 

278296 


245260 
247728 
250176 
252610 
255031 


*57438 

*59«33 
262214 

26x582 

266937 

269279 
271609 
273927 
276232 

278^25 


*54 

*53 
252 

250 

2481 

246 

*45 
243 

242 


241 
239 
238 

*37. 
.*35^ 

234 

*33 
232 

230 

22Q 
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1 


^1 


J 


i 


190 
191 
19s 

I2t 


2Si033 
283501 

^85557 


278982 
281261 
283527 
285782 
288026 


27921 I 
281488 

*«3753 
286007 

288249 


»79439 
281714 

283979 

286232 

288473 


279667 
281942 

286456 
288696 


196 
197 

198 

'5i 


290035 
292256 

^9ggS3 


290257 

292^78 

296884 

2SSSZL 


290479 
292699 

«949^ 
297104 

i22£!SL 


290702 
292920 
295127 

^973*3 


290925 
293 1 41 

^95347 
*9754* 

i22ZflS 


201 
202 
203 

204 


301029 

303196 

30535^ 
307496 

309630 


301247 

3034*2 

305566 

307709 
309^43 


301464 

303628 

305781 
3079*4 

310056 


301681 

303^44 
305996 

308137 

310268 


301898 

304059 

306211 

3P«3y» 
310481 


205 
S06 
207 
208 
209 


3»>754 
313867 

315970 

318063 

3^0146 


311966 
31A078 
316180 
318272 
l£02i£ 


312177 
31^289 

316389 
3I848I 

320562 


312389 

3«4499 
316599 

318689 


312600 

34709 
316809 

318898 

3*9977 


210 
211 
212 
213 


322219 
324282 
326336 
328379 

3304' 4 


322426 
324488 
326541 

328583 

330M7 


322633 

32W4 

3»o745 
328787 

330819 


322839 

3«4899 
326949 

328991 
33»o" 


323046 
325105 

3«7«5S 
329194 

»'"5 


216 
217 
218 
210 


33*438 

334454 
330459 
338456 
340444 


332640 

334655 
336659 

338656 

340642 


332842 

334^56 
336859 

338856 

340841 


333044 
335057 

337059 

339054 
34' 039 


333*46 

335*57 
337*59 
339*53 
111*17 


220 
221 
222 

223 
224 


342422 

34439* 

346353 

348305 
350248 


342620 

344589 
346549 
348499 

35044* 


342817 

344785 

346744 
348694 

350636 


3430H 

344981 

346939 
348889 

iio8£i 


343212 

345*78 

347' 35 
349083 

35'023 


225 
226 
227 
228 
229 


35**83 
35x108 
356026 

357935 


E 


354301 
356217 

3581*5 
360025 


352568 

354493 
356408 

358316 

360215 


352761 
354685 

35659? 
558506 

360404 


35*954 
554876 

356790 
358696 

360593 


230 
231 

*3* 
*33 
*34 


301728 
363612 
365488 
367356 
369216 


'^^mi 


361917 
363799 

365675 
367542 

369401 


mp*«* 


362105 
363988 
365862 
367729 

369587 


362294 
36^176 
560049 
367915 
369772 


562482 

36436s 
566256 

568101 
369958 


i«>«i^ 
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1 


i 


17      I 


8 


280^06 
a8j075 
a8533« 
a87578 
189812 


ra 


27989s 
282169 
28^31 
280681 
288919 


280351 
282622 
284882 
287129 
289366 


280578 
282849 
285107 

289589 


228 
227 
226 
225 
223 


2911 A7 
293362 

297761 


2913 

295787 

«97979 
300161 


291 591 
293804 
296007 
298198 

30037^ 


291813 


298416 

i22£ 


764 


296A46 
298634 

300^13 


222 
221 
220 
219 
218 


3021 14 

30A27S 
306425 
308564 
J10603 


302331 
3QA191 

3<»639 
308778 
310906 


302547 
30A706 
306854 
308991 
311118 


302; 
30492J 
307068 
309204 

3iJ3^ 


302979 
305136 
307282 

3094»7 

lliifi 


313650 
315760 

3«7«S4 

3«993« 
322012 


217 
210 
215 
213 

212 


3I2812 
314920 
317OI8 
319106 
321184 


313023 
315130 
3^17227 
319314 
321391 


3«3«34 

3*5340 

3«74P 
319522 

3g'{?B 
323665 
325721 
327767 
329805 

33»g3g 


3 » 3445 

3»JS5* 

3*7645 
319730 

321805 


211 

210' 

20d 


323252 
325310 

3*7359 
329398 

33i#7 


3«345« 
325516 

327563 

329601 

331629 


323871 
325926 
327972 
330008 

33«>34 


32^77 
3261 3 I 
328176 
330211 
332236 


205 

204* 

203 

202 


333447 
33^458 
337459 
«945« 
3iii2i 


333649 
335658 
337659 

339650 
34^632 


333850 

335559 
337559 
339*49 
341*30 


343*02 
345766 

351603 


33405 » 
336059 

338058 

340047 

34*028 


334253 
336259 

338257 

340246 

34222 


t 


202 
201 

200* 

99; 

2£ 


S4537J 

347330 
349*78 


343606 

3«5^ 
H7S*S 
34W7» 


343999 

34590* 

34795$ 
349860 

3S'796 


344« 

340'57 
348  uo 

350054 
3<'9*9 


95 
94 

2?' 


353339 
3S5a6o 

357>7» 
359076 

i 


59070 

P097» 


35353» 

3554|« 

357353 
359*66 

361161 


3537H 
355643 
357554 
359456 
3613^0 


353916 

355^34 
357744 
359646 
361^39 


93; 

9« 

9« 
90 

!S 


36455  r 

3664*3 
368387 

370143 


36285:9 

364739 
366609 

368473 

370328 


363236 
365113 
366983 
368845 
3705131370698 

— m — 


363048 
364926 
366796 
368659 


3634*4 
365301 

367169 

369030 

370882 


88 
88 

87 
86 

8? 
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235 

237 

-39 


240 

241 

24 

243 

244 


371068 

372912 

37474^ 
376577 

378398 


1 


I 


I 


371253 
373096 

374932 
37675.9 
378579 


37H37 

3732791 

375'"S 

376942 

378761 


^3   ' 

371622 

373464 
375^98 , 
377124 
378943 


^4, 

371806 

373647 

37548J 
377306 

379124 


*» 


3S0211 . 
382017 

383815 
385606 

387389 


380392 
3^2197 

383995 

385785 
387568 


3^x^573 
382377 

384174 
385964 

387746 


380754 
382557 

384353 
386142 

38792a 


380934 

382757 

384533 
38632.1 

388101 


245 
246 

247 

248 

249 


250 
251 
252 

253 

254 


389166 

39093s 
392697 
394452 


397940 

399674 
401401 

403121 
404834 


406540 
408239 
409933 
411619 

4^3299 


389343 
391 112 

392873 
394627 
126321 


398114 

399847 

401573 
403292 

405005 


406710 
408409 
41Q102 
411788 

413467 


389520 
391288 

393048 
394802 

396548 


398287 
400019 

401745 
403464 

405176 


389698 

391464 

393224 

394977 
396722 


398461 
400192 

401917 
403635 

405346 


389875 
391641 

393399 
395152 
396896 


398634 
400365 
402089 
403807 

405517 


255 
256 

257 
258 

259 


260 
261 
262 
263 
264 
255 
266 
zSj 
268 
269 


414973 
416641 

418301 

419956 
421604 


415140 
416807 

418467 

420121 

421768 


406881 
408579 
410271 

411956 


415307 

416973 
418633 

420286 
4219?? 


40705 1 
408749 
4*0439 
412124 
413803 


415474 
417139 

418798 

420451 

422097 


407221 
408918 
410609 
4ia>93 

413969 

415641 

417306 
418964 
420616 
422261 


423246 
424882 

42651.1 

428135 

429752 


423410 
425045 
426674 
428297 

429914 


423574 
425208 

426836 

408459 
430075 


423737 

425371 
426999 

428621 
430236 


423901 

425534] 
427 161 

428783 
430398 


270 
271 
272 

273 
274 


431304 
432969 

434569 
436163 

437751 


431525 
433129 

434729 
436322 

43790Q 


431685 

433289 
434888' 

43048 1 
1^806^ 


431846 

433449 
435048 

436639 

438226 


432007 

433609 

435207, 
436799 

439964 

44i53« 
443106 

444669 
446226 


276 

278 
279 


439333 
440909 

442479 

444045 
445604 


439491 
441066 

442637 

444201 

445759 


439648 
441224 

442793 
444357 
445915 


439806 
441381 
442949 

444513 
446071 


mt^ 
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s 


37I99I 

37383' 
375664 

377488 

379306 


38III5 

382917 
384712 

386499 

388279 


372175 
374015 

375846 

377670 
379487 


381296 

383097 

38J.89I 

380677 

388456 


372359 
374^98 

376029 

377852 

379668 


372544 
374382 

376212 

378034 
379849 


372728 

374565 
376394 

378216 
■380030 


381476 
383277 

385069 

386856 

388634 


381656^ 

383456 
385249 

387034 

3888 1 1 


3905T2 

392345 
3941 01 

395850 


184 
184 
183 
182 
181 


381837  i8i 
383636  180 
385428  179 
•387212  178 
I  388989  I  ijg 


390051 
391817 

393575 
395326 

39707 » 


390228 

39»993 
39375 ' 
395501 
397245 


390405 
392169 
393926 
395676 
397419 


390759 
392521 

394277 
396025 

397766 


177 
176 
1 76 

»75 

m 


398808 
400538 
402261 
403978 
405688 


398981 
40071 1 
402433 
404149 
405858 


399 » 54 
400883 

402605 

404320 

406029 


399328 
401056 

402777 

404492 
406199 


399501 
401228 
402949 
404663 

406369 


173 

»73 
172 

171 


407391 
409087 
410777 
41 246 I 

4'4'37 


407561 
409257 
410946 
412629 

4'4305 


407731 
409426 
411114 
412796 

4 '4472 


407901 

409595 
411283 

412964 

4H639 


^ 


408070 
409764 
411451 
413132 
414806 


170 
169 
169 
168 
167 
167 
166 

1^ 
164 
164 
163 
162 
162 
161 

T5i 

160 

»59 
459 

1^ 


415808 
417472 
419129 
420781 
422426 


4*5974 
417638 

419295 

420945 

422589 


416141 
417804 
419460 
421110 

422754 


410308 
417969 
419625 
421275 
422918 


416474 
418135 

4«979« 
421439 

423082 


42471^ 

426349 

427973 
429591 

431203 


424065 

425697 
427324 
428944 
4S0559 


ii2 
167 


424228 
425860 
427486 
449106 

4307 '9 


424392 
426023 

4276A8 

429208 

430881 


424555 
426186 

42781 1 
429429 
43*042 


432649 
434249 
435844 
437433  ^ 
439017 


432 

4337< 

4353^ 

436957 

438542 


432328 
433920 
435526 
437116 
438701 


432488 
434089 
435685 

437275 
438859 


432809 ; 

434409: 
436004' 

437592 
439175 


440122 
441695 

443263 
444825 

446382 


440279 
441852 

4434*9 
44498* 
446537 


440437 
442009 

443576 

445*37 
446692 


440594 
442166 

443732 

445293 
446848 


440752 
442323 

443889 

445449 
447003 


TTTI 


158 

«57| 

*56- 
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I 


I 


447*5^ 
44«7Q6 
4502x9 
4517S6 


4j6i66 
457882 

459392 
460898 


4473*3 
448861 

4504^3 
4S»940 


45i39» 
463893 

4^5383 
466868 


454997 
456518 

458033 

459543 
461048 


469822 
471292 
472756 
474216 


4771 21 
478566 
480007 

4^1443 
482874 


4S3F? 
464042 

4^553; 
467016 

468495 


4474« 
449^*5 
450557 
452093 
453624 


456609 
458184 

459694 


1 


4476*3 

449«69 
450711 

452246 

453777 


4^2697 
464191 
465680 
467164 
46864s 


469969 
47*438 
472903 

474362 
475816 


477266  * 

478711 

480151 

481586 

4830*6 


470110 

47*585 
473049 

474508 
475962 


Ji 


455302 
456821 

45^336 

45984 

462847 
46434X) 
465829 

4673*2 
468790 


447778 

45»$99 


470263 

47$»9S 

474053 
476107 


4554J4 
456973 
45M7 

459995 


46*907 

4644% 

465977 
467460 

468938 


47041a 

47»878 
47334« 
474799 
470*5? 


484*991 

4857««  I 
487138 

488551 

489958 


491362 
492760 

494>55 
495544 
4909*9 


4W" 

499W7 
501059 

502427 

y>s7gf 


505«49 

507956 
50910s 


484442 
485863 

487279 

488692 

490099 


491502 
492906 

4^4294 
495683 

497068 


49844^ 
499824 
501196 
502564 

ioj25I 


505286 
506640 
507991 

$09337 
1*0679 


4774*  * 

478855 
480294 

481729 
483*59 


484585 
486005 

487421 

488833 

490239 


49*642 

493039 

494433 
495822 

497206 


498586 

499962 
50133s 
502700 

^^4063 


477555 

478999 
4^0438 

481872 
483302 


484727 
4861A7 

487563 
488974 

490379 


49*782 

493*79 
494572 
495960 
497344 


505421 
506776 
508126 

50947* 
510813 


498724 
500099 
501470 
502837 

ig4*9i 


505557 

506911 
508260 
509606 

5*0947 


477699 

479*43 
480582 

482016 


mm 
484B69 

486289 
487704 

^9**4 
490520 


491922 
493319 

4047** 
496099 
497483 
498862 
500236 
501607 
50297s 


505693 
507046 

508395 
509740 

5tio8i 


I 


-iMMM 


1 


4479  J  » 

449478 
451016 

45«553 
4;4o8« 


455606 
457" 


fTfTftr'*' 


448088 

4496J3 
4JII72 

45»7o6 


44"4« 

4497«7 
451 j«6 

4S»859 
4H?^7 


■448J97 

44994* 

45*479 
45JOi» 


9 


;6o«i 


44*55^ 
450095 
45»6JS 
45SJ^5 
4|t4^« 


n 


55 
54 

$4 
53 

1} 

5« 
5* 
5« 
5» 

ii? 


f 


4^ 
4646SO 
466126 
467606 

46908  j; 


455755 
457*76 

4$«78? 
460296 

4617! 


4SS2( 

46^768 

46627A 

4^756 


4559«o 
4574«« 

458939 
460447 


4S< 
457579 
45909* 
460597 

462098 


475214 

45775' 

459*4* 

460748 

4622^.8 


463445 
464936 

46642J 
467904 

470B51 
472J18 

473779 


463594 
4050B5 

466571 

468o$t 


4P3744 

46*234 
466719 

468199 
4^9675 


50 
'49 


470557 
472025 

473487 
474944 


470704 
472171 

473633 
475089 

47654^ 


47099^ 

47*464 

4739«5 
475381 

4222* 


47' H5 
472610 

47407* 
47|5«6 

47697^ 


46 
if 


477844 
479*87 
480725 

482159 
483587 


477989 

47943* 
480869 

482302 

£3221 


455*53 
486572 

487986 

489396 
490801 


478*33 

479575 
481012 

48*445 
48387* 


485*95 
486714 

488127 

489537 
49094* 


478278 

4797*9 
4^1150 

482588 
4840*5 


4784** 

479863 
481299 

48*73* 


'45 

144 
44 
'43 
43 


485011 
486430 

487845 

489*55 
490661 

492062 

493458 

494*50 
496238 

497621 

498999 

500374 

501744 
503109 

50447* 


485437 

488269 
489677 

^io8i 


492201 

493597 
494989 
496376 
497759 


49*34* 
493737 
495**8 

4965*5 


49*481 

493876 

495*67 

496653 

i22£l£ 


485579 

486997 
488409 

489818 

491222 


505828 
507181 
508529 

509874 
511215 


499*37 
50051 I 

501880 
503*46 

504607 


505924 

5073*6 
508664 

510009 
5**349 


499*75 
500648 

502017 
503382 

504743 
506099 

50745* 
508799 
5*0*43 
5**49* 


492621 

4940*51 
495406 

49679' 
^98*73 


4994*a 

500785 

50**54 
503518 

;o4878 


3S£ 
C06; 


499549 
500922 

502291 

503655 

5050*4 


500234 
507586 
5<^34 
510277 
511616 


:q6i 


500369 
507721 
509068 
51Q411 

5**749 


4* 
142 

4* 

'4* 


¥> 
39 
39 

n 

37 
I 


56 
35 

K 
34 
34 


f 
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N 


511883 
513218 

5H54« 
5«5874 
S'7'96 


1 


32c 
316 

S*7 
328 

5£i 


512017 

514681 
516006 

5'73^g 


512151 

5«34H 
514813 

516139 
517459 


512284 
513617 

5H946 
516271 


512418 
S'3750 

5 » 5079 
516403 

5'77H 


330 
331 

332 
333 
334 


518514 

519828 
521138 

522444 
523746 


518646 

519959 
521269 

522575 
523^76 


5^^777 
520090 

521399 

522705 

524006 


518909 
520221 
521530 
522835 
524^36 


519040 

520353 
521661 

522966 

524266 

525563 
526856 

528145 

529430 

530711 


335 
336 

337 
338 

422. 


525045 
526339 

527629 

528916 

530'99 


525»74 
526469 

527759 
529045 

530328 


535304 
526598 

527888 
52917A 

530456 


525434 
526727 

528016 

529302 

i22i2i 


340 

34» 
342 

343 


53H79 

532754 
534026 

535294 
530j;g8 


531607 
532882 

534»53 
535421 
536685 


53«734 
533009 

534280 

535547 
536811 


531862 
533136 
534407 
535674 
536937 


531989 
533264 

534534 
535800 

537063 

538322 

539578 
540829 

542078 
543323 


346 
347 
348 
342. 


537819 
539076 
540329 

541579 
542825 


537945 
539202 

540454 
54*704 
542949^ 


538071 

539327 

540579 
541829 

54307 


f 


538197 
539452 
540704 
541953 
543199 


350 

351 
352 

553 
ill 


544068 

5*45  307 
546543 
547775 
?4?oo3 


544192 

545431 
546666 

547898 

5491 26 


54431 

545555 
546789 

548021 
549249 


544440 

545678 
546913 

548144 
549371 


544564 
545802 

547036 

548267 

549494 


356 
357 
358 
359 


550228 

55«449 
552668 

553883 

ii522± 


55035" 

55*572 
552789 
554004 
555215 


550473 
55*694 
552911 
554126 
555336 


550595 
551816 

553033 

554247 
555457 


550717 
55*938 

553155 
554368 

555578 

T5S785 
557988 

559188 

560385 

561578 


360 
361 
362 

1363 
364 


556303 

557507 

558709 

559907 
561101 


556423 , 
557627 

558729 
560026 

561221 


556544 
557748 

558948 
560146 

561340 


556664 
557868 
559068 
560265 


m.. 

6  CO 


367 
36^ 

369 


562293 
563481 
564666 
565848 
567026 


562412 

563599 

564784 
565966 

567144  ( 


56253 
563718 

564903 
566084 

567262 


562050 

563837 
565021 

566202 

567379 


562769 

563955 

565*39 
566319 

567497 


The  Table  of  LogarUbms. 


1-4 


I       8 


513883 
515211 

51653s 


512684 
514016 

5«5344 
516667 

5^7987 


512818 
514149 

5*5476 
516799 

518119 


512951 
514282 
515609 
516932 


5*9566 
520876 
522183 
523486 

5H7^5 


513084 

5*44*5 

5*574* 
517064 

518382 


«33 
133 

133 

132 
132 


5*9*7* 
520484 

521792 

523096 

524396 

525693 
526985 

528274 

5*9559 
530839 


519303 
520615 
521922 
523226 
524526 


5*9434 
520745 

522053 

523356 

524656 


5*9697 
521007 

5"3i4 
523616 

5249*5 


526210 
527501 
528788 
530072 

53*35* 


13* 
131 

131 

130 

130 


525822 
527114 
528402 
529687 

530963 


52595* 
527243 

528531 

529815 

531096 


526081 
527372 
528659 

529943 
53*223 


129 
129 
129 
128 
128 


532117 
533391 
534661 

535927 

5i2i!2 


532245 

5335*8 

534787 
536053 

iiZiii 


532372 

533645 

534914 
536179 

53744' 


532499 
533772 

53504* 
536305 
537567 


532627 

533899 
535*67 
556432 

537693 


128 
127 
127 
126 
126 


538448 
539703 

540955 

542203 

54m7 


538574 
539829 

54*079 
542327 
54357* 


538699 

539954 
541205 

542452 
543696 


538825 
540079 

54*329 
542576 

i±2i8i£ 


53895^ 

540204 

541454 
542701 


126 

*25 
125 

124 


544688 

545925 

547*59 

548389 
549616 


5448*2 
546049 
547282 
548512 

i±2Zi2 


544935 
546172 

547405 

548635 
5A9861 


545059 
546296 

547529 
548758 
549984 


545^83 
546419 

547652 
548881 

550106 


124 
124 
123 
123 
123 


550839 

552059 
553276 

554489 
55569? 


556905 
558108 

559308 

^5605,04 

561698 


550962 
552181 

553398 
554610 

555819 


557026 
558228 

55942« 
560624 

561817 


551084 
552303 

5535^9 

5547-3* 
555940 


557*46 

558349 
559548 

560743 
561936 


551200 

552425 
553640 

554852 
556061 


557267 
558469 

559667 
560863 

562055 


55*328 

552W 
553762 

554973 
556182 


557387 

558589 

559787 
560982 

562174 


122 
122 
121 
121 
121 


120 
120 
120 

**(9 
119 


562887 
564074 
565257 
566^37 
567614 


563006 
564192 

565376 

566555 
567732 


563125 
564311 

566073 
567849 


563244 

564429 
565612 

566791 

567967 


{63362 

564548 
565729 

566909 

568084 


119 
119 
118 

lid 
118 


!«■ 


titmmm 


M^lt 


The  tdhk  (^  lAgartihmh 


lJ  ,i'  .1  \ 


57*799 


;60955 
72291 


74009 

76917 
78066 

792.1* 


:826|i 


$960^4 

:87«49 
;88i;2 

:8939« 


70076 

7"43 
72407 

75568 


I 


4^ 
77032 

SoISo 
81608 
82745 
838^9 
Sjoog^ 


5SI|7 

88384 


509023 
570193 

57«359 

57^5^3 
573684 


5:^4841 
J7J996 

57^47 
5/8295 

794 


I 


Jfos83 
c8i72i 
S8«8$8 

;8<m 


586249 
589615 

S3sm 


I 


$f49J?  J 
ifbtlt- 

S?*4«9 

422521 


580097 

5^18^8 
(81972 
584105 


586302 
5S7486 
588608 
5S9726 

422!i 


*-4 


1 


5^0426 

57159* 

57^755 


J 75072 
576226 

577377 

5785*5 
579669 


5808I1 
J8l9l$ 
fgJoSj 
584218 


586475 

588716 
58^838 

590953 


ti6 
ii6 


77? 

"5 
"5 
«'5 
i'4 


' 


tti 

iti 

tti 


I 


191 62l 

;9»7l» 
193839 

j9^45 

I222E 


Pt7 
146 


9^*- 
9i843 
$J950 

595055 


59'»43 

59*954 
594061 

595'f5 
jaoaOT 


S9>955 
.593064 

594" 7* 
595276 

i2^ 


I 


592066 

594251 

i953j6 


til 
It) 
Hi 

no 
'4tt 


198243 

J99337 
000428 

fey  517 

002603 
60368^ 

^4766 

605844 

Op-ogip 


97^56 

9^353 

_9944^ 
600537 

6616^5 


5973^6 
598462 

600046 
6<»i734 


59747 

598572 
J99665 

D00755 


597586 
598681 

599774 
600864 

601951 


It's 

10$ 
109 
109 


^0799: 
609061 
610128 
611192. 


602711 
603794 
604874 
60595; 
.607026 


608098 
609107 
616234 
611298 
612359. 


602819 
1503902 

($04982 
600059 


608205 
609274 
6I034I ' 
611405 
612466, 


602928 
604009 
605089 
606166 

60724' 


603036 
6041 18 
605197 
606274 

6o2ai« 


608419 
609488 
610C54 
6116x7 
612678 


168 
108 
108 

108 

107 


013525 
614581 
615634 
616686 
617734, 


6083x2 
609381 
610447 
611511 
61^572 


107 
107 
X07 
106 
106 


01 3736 
614792 
615845 
616895 
6i7<4^ 


13313 
614369 

615424 

616476 

617545 


613419 
614475 

616581 

617629 


613030 

614686 
615739 

616790 

617^39 


mm 


rcT 


too 
106 

105 

105 
los 


Itf^ 
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N  I 


I 


i 


I 


416 

418 
419 


420 

142' 

422 

4*S 

4?4 


625512 
6263^ 
627366 


426 

4*7 
428 

152 


430 

43 « 
43« 
433 

121 


436 
438 

12^ 


44<> 
44« 
44* 

443 

Hi 


446 

447 
448 

449 


618048 
619093 
620136 
621176 
622214 


628389 
629409 
630428 

631444 

i2£lil 


633468 

634477 
635484 

636488 

622182, 


638489 
639480 
640481 

64*475 
642465 


643453 

644459 
645422 

646404 
647383 


648360 

64933s 
650308 

651278 

652246 


618153 

6i9r98 
620140 
621280. 
622318 


623353 

6H385 
625415 

626443 

627468 


628491 
629512 
630529 

631545 
6l£ii2 


^569 
634578 

635584 
636588 

638589 
639586 
640581 

64^573 
642563 


64355' 

644557 
645521 

646502 

647481 


648458 
649432 
650405 

65*375 
652343 


618257 

619502 

6zc^44 
621384 
622421 


623456 
624488 

625518 

626546 

627571 


728593 
629613 
630631 
631647 
632659 


633670 
634679 
639685 
636688 

622682 


638689 
639686 
640680 
641672 
642602 


043650 
644656 
645^619 
646599 

64Zia 


^48555 
649529 

650502 

651473 

6£24j2 


618362 
619406 
620448 

622525 


623559 
624591 
625621 
626648 
627673 


628695 
629715 
630733 
6317A8 
632761 


618466 
619511 
600552 
621592 

622628 

&36O3 
624695 
625724 
6^751 

627775 
■828797 
629817 
630835 

631849 
612862 


633771 
634779 

636789 
637789 


633872 
634880 

635886 

636889 

637889 


638789 
639785 
640779 
641771 
642761 


643749 
644734 

^6698 

647676 


649627 
650599 
651569 
652536 


6p888 
639885 
640879 
641871 
642860 

643847 
644832 

646796 

tf7774 
648750 

651666 
652633 


450 

45 « 

452 

453 


653213 

654*77 
655138 

656098 

657056 


653309 

654273 

655235 
656194 

657152 


653405 

654369 
655331 
656289 

657247 


653502 
654465 

655427 
6^386 

657343 


653598 
654562 

65552J 
656482 

657438 


458 
457 
458 

459 


65801 1 
658965 
659916 
660865 
661813 


658107 
659060 
600011 
660960 
661907 


658202 

660106 
661055 
662002 


658298 
659250 
660201 
661149 
662096 


658393 
659346 
660296 
661245 
662191 


J 

618571 

6I96I5 
620656 
621695 
62275^2 

623766 

624798 

6258*7 
626853 
627878 

^28899 
6299x9 
630936 

03S973 

6359^86 
630989 

6379^9 
638988 
639984 
640978 
641969 

612212- 

643946 
644931 

645913 

646894 

614.7872 

648848 
6498;^! 
650793 
651762 
652729 

653695 
654653 
655619 
656577 

6£Zi21 

658488 

659441 

J56039I 
£61339 
662286 


I 


TA*  J«Wf  ^  Legaritbms. 


I 


619719 
620760 
621799 
622835 

623809 
624901 
625929 
620956 

627979 

629002 
630021 
631038 
63J?05? 
633064 


634075 
635081 
636087 

638089 


639088 

640084 

641077 

642069; 

643058 

644044 
645029 

646011 

646992 

647969 

M94S 


629104 
630123 
631139 
632153 

634975 
635182 

636187 

6371*9 
638189 

S35758 


>9 
650890 

651859 

652826 

65379" 
654754 

056673 

658584^ 


^^£95 


« 


66238b 


7 

618780 
619824 
620864 
621902 
622939 

623973 
625004 

626032 

627058 

628082 


61M84 

619928 
620968 
622007 
623042 


640183 

641177 

642168 


644H3 
645127  . 
646109 

647089 
648067 

649^45 
650016. 

650987 

651956 

652923 


653858 

65.485^ . 
[65:5810 

6.56769 

,^57725 
,658679. 


659630 

660581  ! 
6615291 
662475 

— rc 


624076 
625107 
620135 
627161 
628185 

629200 
630224 
631241 

633206 

634*76 
635283 

636288 
637289 
638289 


639287 
640283 
641 270 
642267 

644542 
6452:26 

646jto8 
647187 
648165 


64914^ 
650113 
651084 
652053 
653019 

653984. 
654946 
655906 
656864 
657820 

'658774 
659726 


660676 
661623 
662569 

TT 


618989 
620032 
621072 
622110 
623146 

624179 
625209 
626237 
627263 
628187 


I 


629308 
630326 
631342 
632316 

633307 


634376 
635383 

636388 

637389 
638389 


^39387 
640392 

64»375 
642366 


944340 

646306 
647285 
648262 

649237 
650210 

6511^1 
652149 

^53^6 

654086 
655042 
656002 
656960 
657916 

'55'88S9: 

6598^*1 

P60771 

661718 

662663 


5; 

104 
[04 


103 
03 
103 
103 


102 
:o2 

101 

[01 


100 
too 

100 

[OO 

99 


99 
99 
99 

99 


98 
98 

98 

98J 

98; 


97; 
97:' 
97 
57 


i 


96 

«|6^ 

96 

95 
95 
95! 
95 
95 


\ 
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664172 

6651 I£ 

666^49 
6^6216 


SStoTo 

6688C2 
669781 
670709 
671^36 


6633  a 

66426 
665206 
666143 
66707^ 


"528013 

668945 
669875 
670802 
(671728 


z 


663418 

664359 
665^99 

666237 
667173 


m 


8 


663513 

664454 
665393 
666331 
667266 


66360 
66454 
^65487 
666424 


668293 
669224 
670153 
671080 
67200; 


9+ 
94 
94 
94 
94 


67355^ 

673482 

67440? 

675319 


67265a 

673574 
674494 

676328 


106 
669038 
669967 
670895 
671821 


668199 
6691 3 I 
670060 
670988 

^21211 


93 
93 
93 
93 
33 


678063 
67897} 
679982 
680282^ 


^7'^744 
673666 

674586 

675503 

676410 


672836 
673758 
674677 

^75595 
676511 


672929 

673849 

674769. 

675687 

676602 


92 
92 
92 
92 

21 


681693 
682596 

683497 
684396 
68^294 


077242 

678154 

679064 
679972 
680879 


677333 

68Q063 

680069 
68x874 
682777 
683677 
684576 
685473 


6774H 
678335 

679246 

680154 

681060 


678427 
679337 
680245 
681151 


9* 
9« 
9' 

J2i 


^33?§9 
687083 
687975 
688865 

6«2Z£i 


681714 
682686 
683587 
684486 

68  5  3% 


686279 
687172 
688064 
6^8953 
689841 


6^6368 
687261 
688153 
689042 
682222 


681964 
682867 
683767 
6S'^666 
685563 


682055 
682957 

683857 
684756 
685652 


90 

90 

90 
90 

89 

«9 
89 

89 

88 
88 
88 
88 

87 

87 

87 

'87 


690639 
691524 
692406 
693  2A7 
694166 


690816 
691700 
692583 
693463 
654342 


686458 
687350 
688242 
689131 
690019 


686547 
687439 
688331 
689220 
690107 


■ '  'I' 


690728 
691612 
692494 

693375 
694^^4 


695044 

695919 

'696793 

1697665 

698535 


^199404 
70027 1 

70113^ 
7010991 
^02861 


695131 
696007 

696280 

697752 

698622 


690905 
691789 
692671 

694429 


695219 

696094^ 

696968 

697*39 
698709 


695307 
696182 
697055 
697926 
698796 


690993 

6giSyy 
692759 

693639 
i?45i7^ 

695394"" 
696269 

697142 

698014 

698883 


699491  ' 

700358 

701222 

7020861 

702947 


V  J 


699578 
700444 

701309 
702172 

703033 


. 699664 
700531 
701395 
702258 

703119 

mm 


■3597?! 
700617 

701482 

702344 

703205 


87 

^? 

86' 

86 
86 


■p^ 


mm* 
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N 


:o5 

;o6 

lO 

II 

IZ 

11 


:«7 
:28 


30 

;3» 
32 

33 

:2£ 


703291 
7041 5 1 
705008 
705863 
706718 

707570 

708421 
709269 

7IOII7 


18 

13JJ15, 

;2i 
;22 

;23 
24 


71 1807 
712649 

71349* 
7H3*9 

716003 
716838 
7x7671 
718502 


720159 
720986 
721811 

722634 

7£21Si 


36 

:37 

:38 
:39 


;4o 

:4» 
:42 
:43 


;45 
;46 

;47 

148 

;49 


724276 

725095 

7Z59I2 
720727 

7£Zii* 


728354 
729165 
729974 
730782 

731589 


732394 
733'i97 
733999 
734799 

7i££22. 


736397 
737192 

. 737987 
738781 

739572 


I 


703377 
704236 

705094 

705949 
706803 


707655 
708506 

709355 
710202 

7H048 


71 1892 
712734 

713575 
7«44»3 

21131 


716087 
716921 

717754 
718585 

719414 


720242 
72x068 
721893 
722716 

72353^ 


724358 
725176 

725993 
726809 

727623 


728435 
729246 

730055 
730863 

73*669 


732474 
733278 

734079 
734879 
735679 


736476 

737272 
738067 

738859 
739651 


7034SJ 
704322 

705179 
70603 

70688 


70774Q 
708591 
709439 
710287 

711132 


711976 
712S18 
713659 

7*4497 
7'5335 


716x70 
7x7004 

7*7837 
7*9497 


720325 
72115X 

721975 
722798 

723619 


724439 
725258 

726890 

727704 


728516 

729327 
730X36 

730944 

73*749 


703549 
704408 
70C265 

700120 

706974 
707826 


7078 

708676 

709524 

710371 

711217 


712060 

792902 

7*3742 

71458* 
215418 


7x^254 
717088 
717920 
71 875 I 

7*9579 


720407 

72I2J3 

722058 

722881 

72370* 


724522 
725339 

726156 
726972 


728597 
729408 

7302x7 

73x024 

73 '830 


732555 
733358 

734*59 
734959 
215231 


736556 
737352 

738146 

738939 

73973* 


732635 
733438 

734239 

735039 
735838 


736635 

73743* 
738225 

739018 

739809 


7«3«35 

70*49* 

705350 
Tooaeo 


7079 «» 
708761 

709009 
7104J6 

13011 


7 
7 

7 
7 


7 
7 
7 
7 


««441 

2986 

3826 
4665 

0337 
7171 

8003 

2663 


720490 
72x316 
722x40 
722961 

723784 


724604 

72542^ 
720238 

727053 

727866 

728278 
729489 
730298 
731x155 

73*9'* 


7327*5 
7335*8 

7343*9 

735**ft 
7359*8? 
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703721 

704579 
705436 

700291 

707996 
708846 
709694 
710540 


I 


I  « 


703807 
70466s 
705522 
706376 
707229 


703893 

70475 « 
705607 

706462 

707315 


708166 
709015 
709863 
710709 

7"  554 


703979 
704837 
705693 
706547 

707399 


704065 
704922 
705778 
706632 
707485 


708336 
709185 
710033 
710879 

7"723 


86 
86 
86 

85 

i5 
«5 
85 
85 

84 

84 
84 
84 
84 


708081 
708931 

709779 
710625 

711469 


708251 
709100 
709948 
710794 
711639 


712566 

713407 
714246 

715084 
7'59'9 


712229 
713070 
713910 

7H749 

716421 

7 "7254 
718086 

718917 

7 '9745 


712313 

7'3'54 
713994 

7H833 
715669 


716504 

7»7338 
718169 

718999 

719828 


712397 
713238 
714078 
714916 


716588 
717421 
718253 
719083 

2122." 


712481 
713323 
714162 
714999 


71667 

717504 
718336 

719165 
7 '9994 


720821 
721646 
722409 
723291 
724112 


7'6754 

7'7587 
718419 

719248 

720077 


^3 
83 
83 
83 

12 


720573 
721398 
722222 

723045 
723861 


724685 
725503 

726319 

727^34 
727948 


720655 
721481 
722305 
723127 

723948 

724767 

725585 
726401 

727216 

728029 


720738 
721563 
722387 
723209 
724029 


720903 
721728 
722552 

723374 
724194 


83 
82 

82 

82 

82 


724849 
725667 

726483 

727297 

7281 10 


72493 1 

725748 
726564 

727379 
728191 


725013 

725829 
726646 

727459 
728273 


82 
82 
82 

81 


728759 
729569 

730378 

731186 

73'99' 


732796 

733598 

734399 

I  735 '99 

735998 


728841 

729651 

730459 
731266 

732072 


728922 

729732 
730540 

73' 347 
732152 


729003 
729813 
730621 
731428 
732233 


729084 

729893 
730701 

731508 

732313 


732876 
733679 

734479 

735279 

736078 


736874 
737669 

738463 

739256 

740047 


732956 

733759 
734559 
735359 


733037 

733839 
734639 

735439 
736237 


733117 
733919 

7347 "9 
7355'9 
7363^7 


81 
81 
81 
81 
81 


80 

80 

80. 

80 

80 


736795 
737590 

738384 
I  739'77 
I  739968 


736954 

737749 

738543 

739335 
740126 


737034 
737829 
738622 

7394'4 
740205 


737113 
737908 
738701 

739493 
740284 


80 

79 
79 
79 
79 


' 


TTl 
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li 


so 

53 
4 


55 

56 

57 
5« 


740363 
741 152 

74>939 

742725 

743509 


740442 
741230 
7420 1 S 
742S03 
743i8« 


•5? 

;6i 
;62 

[^4 


_. 


744293 
^45075 

746634 

7474' ? 


^5 
;66 

;67 
;68 

:69 


70 
7» 

72 

73 
74 


748188 
748961 

74973? 
750508 

751^79 


752048 
752816 

75358^ 
75434B 


756636 

757396 

75«i55 
75891^  1 


77 
78 


;8o 
:8i 

:82 
83 

H 

86 

:87 

88 

29 
^90* 

:9i 

:93 

:94 


761176 
761^28 
762679 


770852 

771587 

772322 


7+437« 

745*53 

745933 
746712 

7474^9 
748266 
749040 

74981I 
750586 

75'35^ 


752125 
75289J 

753659 
754425 
7  55-' 89 


75595' 
756712 

75747* 
7582J0 


759743 
760498 

76x251 

762003 

762754 


763428 
764176 
764023 
765669 
766413 

7^nW\ 
767898  I 

768638 

769377 
770115 


7^iS^l 

764251 
764998 

765743 

766487 


767230 
767972 

768712 

769451 

770189 

770926' 
771061 

77?3$5 
7731^8 

773B59 


740521 

741309 
742096 

742882 

144667 


744449 

:^45^3» 
746011 

7467^^ 

747567 


7483+3 
749"  8 

7+989* 
75066^ 

mm. 
75220^ 

752969 

753736 

75450* 


744528 

7+5309 
746089 

746868 


75G02 
75678 

757548 
758306 

2^& 


7598*9 
760573 

761326 

762078 

764829 

7^3578 
764326 

765072 

765818 

'  7^7304 
768046 

768786 

769525 
77026^ 


^a 


740599 
?+i^88 

74^*75 
741961 

[  i4374i 


L   y.4>.. 

■  740678 

?4'467 
742^54 

743039 

7a6bd 


74842! 

7+9*95 
749968 

750739 

752279 
753047 
75381} 
754578 


■-"  I 


750103 
756B64 
757624 
758382 

7.S9'^ 


770999 

77*734 
772468 

773201 


759^4 
760649 

76x402 

762153 

763653 
764400 

765892 
766636 


Z4+6o( 

746107 
74^9+5 

7484P 

75081^ 

7S3«8$ 
75465+ 

756.70 

75694^ 
757695 

758458 


759969 
760724 

70»477 
767228 

76<97-8 


7^7379 
768119 

768S66 

769J99 

770}36 


77'$73 
771808 

772542 

773274 
f74<)o6- 


763727 

764+75 
765221 

765^; 
766710 

767453 
768194 

768QJ4 

769671 

7764icf 

7711^ 
77x881 
772614 

773J+8 
774079 


^WW»^^i»i 


■MM 
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mim 


741546 
74^332 

743118 
743902 


744684 

745465 
746245 

747023 

747800 


748576 

749349 
750123 

750894 

751664 


752433 
753199 

753966 

754730 
755494 


740836 
741624 
742411 
743196 

743979 


I 


744762 

745543 
746323 

747 1 01 
747878 


748653 

749427 
750199 

750971 
751741 


756256 
757016 

7S777'; 
758533 


760799 
761552 
762303 

763053 


763802 

764549 
765296 

760041 

766785 


767527 
768268 

769008 

769746 

770484 


771219 

771955 
772688 

773421 
774152 


752509 

753277 
754042 
754807 
755569 


750332' 
757092 

75785* 
758609 

759366 


7601 21 
760875 
761627 
762378 
763128 


763877 
764624 

765370 
7661 15 

766859 


76760] 
768342 
769082 
769820 

770557 


771293 
772028 
772762 

773494 
774225 


740915 
741703 
742489 

743275 
744058 


744840 
745621 

746401 

747179 
747^55 


748731 

749504 

750277 
751048 

751818 


I  8  I  9  rg 

79 
79 
79 
78 
78 

78 

78 

78 


752586 

753353 
754119 
754883 
755646 


756408 

757168 
757927 
758685 

759441 


760196 
760949 
76170a 
762453 
763203 


763952 
764699 

765445 
766189 

766933 


767675 
768416 

769156 

769894 

770631 


771367 
772102 
772835 
773567 
774298 


740994 
741782 

742568 

743353 
744136 


744919 

745699 
746479 

747256 


748808 

749582 

750354 
751125 

751895 


752663 

753429 

754195 

754959 
755722 


756484 

757244 
758003 

758761 
752£i7 


760272 
761025 
761778 
762529 

763279 


764027 
764774 

766264 
767007 


767749 
768490 

769229 

76996S 

77070; 


771440 
772175 
772908 
773640 

774371 


741073 
741860 

742647 
743431 
744215 


744997 

745777 
746556 

747334 
748110 


748885 

749659 
750431 

751202 
751972 


752739 

:^535o6 

75427a 
755036 

725792. 
756560 

757320 

758079 

758836 

75959* 


760347 
761101 
761853 
762604 

763353 


764101 
764848 

765594 
766338 

767082 


767823 
768564 
7^9303 
770042 

770778 


77i5'4 
772248 

7^2981 

773713 
774444 


77 
77 
17 
77 
77 


77 
77 

76 

76 


76 
76 

76 


75 
75 
7S 
75 

21 


7S 
75 
75 
74 

21 


74 

74 

74 
74 
24 


[DT 


74 
73 
73 

111 
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595 
596 
597 
598 
592. 


600 
601 
602 
603 
604 

60c 
606 
607 
608 
602, 


610 
611 
612 
613 
614 


61^ 
616 
617 
618 
619 

620 
621 
622 
623 
624 


62c 
626 
627 
628 
629 

^ 
631 
632 
633 

^34 


635 
636 

637 
638 

639 


774517 
775246 

775974 
776701 

777^7 


778151 
778874 
779596 
780317 
781037 


L 


I 


781755 

782473 
783189 

783904 
7846' 7 


785329 
786041 
786751 
787460 
788164 


788875 
789581 
790285 
790988 
791091 


792392 
793092 
793791 
794488 


795880 

796574 

797268 

797959 
7980  5  Jt 


799341 
800029 

800717 

801404 

802089 


802774 

803457 
8041 39 

804821 

805501 


774589 

775319 
776047 

776774 
777499 


778224 

778947 
779669 

780389 

781109 


781827 

782^44' 
783260 

783975 
784689 


785401 
786112 
786822 

787531 
788Z39 


788946 
789651 
790356 

791^59. 
791761 


79246: 

793162 

793860 

794558 
795254 


795949 
796644 

797337 
798029 

798719 


799409 
800098 
800786 
801472 
802158 


T 


I 


774663 

775392 
776119 

776846 

777S71  - 

779019 

77974* 
780461 

781181 


781899 
782616 

783332 
784046 

784759 


785472 
7861S3 

786893 

78760a 

788309 


789016 
789722 
790426 

791129 

791831 


792532 
793231 

79393«> 
794627 

795324 


796019 
796713 
797406 
798098 

798789 


799478 
800167 

800854 

801541 

802226 


802842 
803525 
804208 
804889 
805569 


802910 
803594 
804276 
804957 
805637 


774736 

775465 
776193 

776919 
777644 


778368 
779091 

779813 
780533 

781253 


781971 
78268S 
783403 
784118 

784831 


774809 

775538 
776265 

77699* 

777717 

778441 
779163 

779885 
780605 

781324 


785543 
786254 

786964 

787673 
788381 


789087 
789792 
790496 
791199 
791901 


792602 
795301 

793999 
794697 

222221 


796088 
796782 

797475 
798167 

798858 


782042 
7*2759 

7*3475 
784189 

784902 

786325 
787035 

787744 
788451 

7891 57 
789863 

790567 

791269 

791971 
792672 

79337 » 
794069 

794767 
795463 


799547 
800236 

800923 

801609 

802295 


802979 
803662 
804344 
805025 
805705 


796158 
79685a 

797545 
798236 

798927 
799616 
800305 
800992 
801678 
802363 

803047 
803730 
804412 
805093 
805775 
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8      I      9      I 


774882 
775610 

776J38 
777064 


I 


777789 

778 J 13 
779236 

779957 
780677 

78139^ 


774955 
775683 

77641 1 

777862 


778585 
779308 

780029 

7807^9 

781468 


782186 
782902 
783618 
784332 

785045 


775028 

77S7S^ 
77H^l 
777^^ 
777934 


778S58 
779380 
780101 
780821 

781^39 


775100 

775829 
776556 

777282 

778006 


778729 

7794^* 
780173 

780893 

781612 


775^73 
775902 

776629 

777354 
778079 


778802 

7795H 
78021.5 

78096$ 

781684 


73 
73 
73 
73 

21 
72 

7* 
72 
7* 

72 


782114 
784831 
783546 
784261 

\jb32± 


782258 
782974 
783689 

784405 
785116 


782329 
783046 
783761 

784475 
785187 


782401 
783117 
783832 
784546 

785259 


72 
72 
71 
71 

7» 


785686 
786396 
787106 
787815 
788522 


785757 
786467 

7^7^77 
787885 

788593 


785828 
786538 
787248 
787956 
788663 


785899 
786609 
787319 
788027 

788734 


785970 
786680 

787389' 
788098 

788804 


7» 
71 
71 
7« 

11 


789228 

789933 
790637 

791339 

792041 


789299 
790004 

790707 

791409 

792111 


789369 
790074 
790778 
791480 
792181 


789439 
790144 
790848 
791550 
7922^2 


789510 
790215 
790918 
791620 
792322 


7» 

70 
70 

70 
70 


792742 

79344* 
794139 

794836 
72m? 


792812 

793Sn 
794209 
794906 
795602 


792882 
793581 
794279 
794976 
799072 


792952 
793651 

794349 
795045 
79974' 


793022 
793721 
794418 

795»«5 
72i8io 


70 
70 

70 

70 

70 


796227 
796921 
797614 
798305 

225226 


796297 
796990 
797683 

798374 
2222II 


796366 

797059 
797752 

798443 

799 '34 


796436 
797129 
797821 
798513 

799203 


796505 
797198 
797890 
798582 
799272 


799685. 
800373 

801061 

801747 

802432 


799754 
800442 

801129 

801815 

802500 


803184 
803867 
804548 
805229 
805908 


799823 
8005 I I 
801198 
801884 
802568 


799892 
800579 

801266 

801952 

802637 


799961 
800648 
801335 
802091 
802705 


69 

68 


803116 
803798 
804480 
805161 
805841 


803252 

803935 
804616 

805297 

805976 


803PT 
804003 

804685 
805365 
806044 


803389 
804071 

804753 

805433 
8061  i;i 


68 
68 

68 
68 
68 


[D2] 
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ET 


806451 
8071x9 
807906 
808481 

8o9i;6 


640 

642 

$43 
<44 

$47 
648 

649 


806179 
806858 

•07535 
808211 

808886 


809559 
810233 

810904 

811575 


806248 
806926 
807603 
808279 
808953 


90M£ 

809627 
810299 
8IO97I 
811042 
812312 


806316 
806994 
807670 
808346 
809021 


806384 
807061 
807738 
808414 
809088 


812 


H5 


809694 
810367 
81 1039 
811709 

81^379 


809762 
810434 
811106 
811776 

8 '2445 


809829 
810501 
811173 
811843 
812512 


650 

65Z 

$51 


812913 
813581 
814248 
814913 

8i5£78 


812980 
813648 
814314 

814979 
815644 


813047 
813714 
814381 
815046 
81^11 


813114 
813781 

8^4447 
815113 

815777 


813181 
813848 
814514 
815179 

815843 


6p 

658 
6m 

660" 


816241 
816904 
817565 
818226 
818885 


816308 
816970 
817631 
818292 
818951 


81637A 
817036 
817698 
818358 
819017 


816440 
817102 
817764 
818424 
819083 


816506 
817169 
817829 
818489 

8i9'49 


663 
664 

667 
668 
669 


8^9543 
820201 

820858 

821514 

822168 


822S22 

823474 
824126 

8^4776 

825426 


819609 

820267 
820924 
821579 
822233 


819676 
820333 
820989 
821645 
822299 


819741 
820399 
821055 
821709 
822364 


819807 
820464 
821120 
821775 
822429 


[oo* 


822887 
823539 
824191 
824841 

8^549' 


822952 
823605 
824256 
824906 
825556 


823018 
823669 
824321 
824971 
825021 


823083 

823735 
824386 

825036 
825686 
85^ 
826981 
827628 
828273 
828918 


67b 
671 
672 
673 
674 


826075 
826723 
827369 
^2801 5 
828659 


826139 
826787 

827434 
828079 

828724 


826204 
826852 

8*7499 
828144 

828789 


826209 
826917 
827563 
828209 
828853 


We 

^7 
678 

672, 
dSo 
681 
682 
683 
684 


829304 
829947 
830589 
831229 
831869 


829368 
830011 
830653 
831294 

83'934 


829432 
830075 
830717 
831358 
831998 


829497 
830139 
830781 
831422 
832062 


829561 
830204 
83084c 
831486 
832126 

832764 
833402 

834039 
8J4675 
.^353'o 


832509 

5^3  H7 

833784 
834421 


832573 
833211 

833848 

834484 
835119 


832637 

833275 
833912 

834548 
83S!^3 


832700 
833338 

83397s 
83461 I 

l2i^ 


^m 
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1 


806519 
807197 
807873 

8o8$49 
809223 


g   I 


D 


809896 
8io$09 
811239 
811909 


8065^37 
807264 
807941 
808616 
809290 


806655 
807332 
808008 
808684 
809558 


809964 
810636 
811307 
81 1977 
812646 


810031 
810703 

8"374 
812044 

812713 


806723 
807399 
808076 
80875 1 
809425 


810098 
810770 
811441 
812111 

812779 


806790 
807467 
808143 
808818 
809492 


8x0165 
810837 
811508 
812178 

812847 


68 
68 
68 

67 

67 

67 

67 
67 


8 « 3*47 
813914 

814581 

815246 

815900 


813314 
813981 
814647 
815319 

816639 

817301 
817962 
818622 
819281 


813381 
814048 

814714 

815378 

816042 


813448 

8141 14 

814780 

815445 

816109 


813514 

8I4I81 
814847 

8I551I 

8i6i7(; 


67 
67 

67 
66 

66 


8*6573 
817235 
817896 
818556 
819215 


816705 
817367 
818028 
818688 


816771 

8*7433 
818094 

818754 

819412 


816838 
817499 
818159 
818819 
819478 


50 

66 
66 
66 
66 


819873 
820529 
821186 
821841 
822^ 

823148 
823800 
824451 
825101 

75* 


819939 
820595 
821251 
821906 
822560 


820004 
820661 
821317 
821972 
822626 


820070 
820727 
821382 
822037 
822691 


820130 
820792 
821448 
822103 
822756. 


66 
66 
66 

65 


823213 
823865 
824516 
825166 
825815 


823279 
823930 
824581 
825231 
825880 


823344 
823996 

824646 

825296 


823409 
824061 
824711 
825361 
826009 


64 

64 
64 

64 


^39? 
827046 

827692 

828338 

828982 


826464 
8271 1 1 
827757 
828402 
829046 


82J528 
827175 
827822 
828467 
8291 1 1 


826593 
827239 
827886 
828531 

829*75 


826658 
827305 
827951 
828595 
829239 


829625 
830268 
830909 

83*549 
832189 


829689 
830332 

830973 
831614 

832253 


832892 

833559 
834166 

834802 
835437 


829754 
830396 
831037 
831678 
832317 


832956 
833593 
834229 
834866 
835500 


829818 
830460 
831102 
831742 
832381 


829882 
830525 
831166 
831806 

8i£44i 


832828 
833466 
834103 

834739 
835373 


833019 
833657 

834294 
834929 

835564 


833083 
833721 

834357 

834993 
835627 


64 

64 

64 

64 
63 


mm 
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TT 


686 
6S7 
88S 
682^ 


835691 
836324 
836957 
837588 
838219 

838849 
839478 
840106 
840733 


T 


835754 
836387 

837019 

837652 

838282 


835817 

83645« 
837083 

«377«5 

MilL 


1 


835881 

83651^ 

837146 

^$7777 
838408 


835944 

^i^S77 
837209 

837841 


690 
691 
692 
693 

P94 
595 

696 
697 
698 
699 


841985 
842609 

843233 
843855 
844477 


842047 
842672 
843295 
843918 

844539 


^P975 
839604 

840232 

840859 

84*485 


842109 

842734 

843357 

843979 
844601 


839038 
839667 
840294 
840921 

84^547 


042172 
842796 
843419 
8440x2 
844664 


845284 

845904 
846523 

847141 
847758 


839101 
839729 
840357 
840984 
841609 

842235 
842859 
845482 
84410A 
844720 


700 
701 
702 
703 

Z2t 


845098 
845718 
846337 
846955 

847573 


845160 

845779 
846399 

847017 
847634 


845222 
845842 
846461 
847079 
847696 


84534$ 
845966 

846585 

84720a 

847819 


705 
706 
707 
708 
709 


848189 
848805 
849419 
85003^ 
850646 


848251 
848866 
849481 
850095 
850707 


848312 
848928 
849542 
850156 
850769 


848374 
848989 

849604 
850217 
850829 


848435 
849051 
849665 
850279 
850891 


710 
711 
712 

7»3 

7H 


851258 
851869 
852479 
853089 
853698 

854306 
854913 

8555^9 
856124 

856729 

720  [  857332 

721  857935 

722  858537 

723  859138 

7I±  J59739. 

725  860338 

726  860937 
7^7    861534 

728  862131 

729  862728 


85^319 
851931 

852541 
853«50 
8i27£2. 


851381 
851992 
852602 
853211 

853819 


851442 
852053 
852663 

853272 
853881 


851503 

852114 
852724 

853333 
853941 


716 

7^7 
718 

71Q 


854367 

854974 

^5SS79 
856185 

856789 


854428 
855034 
855640 
856245 
856849 


854488 

855095 
855701 

856306 

856910 


8575*3 
858116 

858718 

859318 

859f9i^8 

'860518' 
861116 
861714 
862310 
862906 


854549 
855156 

855761 

85636^ 

856970 


857393 

857995 

858597 
8^9198 

JS2.?99. 
860398 
860996 
861594 
862191 
862787 


857453 
858056 

858657 

859256 

J59l59. 
860458 
861056 
861654 
862251 
862847 


857574 
858176 

858778 

859379 
859978 

8605 7S 
861176 

861773 
862369 

862966 
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S36007 
836641 
837273 
837904 

g3g534 


r 


839164 
839792 
840419 
841049 
841672 


842921 

*i3544 
844166 

844788 


845408 
846028 
8466^6 
847204 
847881 


848497 
849112 
849726 
850339 

?i22ii 
851564 

852175 

852785 

553394 
854002 


854609 
855216 
855822 
856427 
857031 


857634 
858236 

858838 

859439 
860038 


860637 
861236 
861833 
862429 

863025 


836071 
83670^ 
837336 
837967 

838597 


839227 

839855 
840482 

841109 

84' 735 


842359 
842983 

843606 

844229 

844849 


845470 
846089 
846708 
847326 

847943 


848559 
849174 
849788 
850401 
851014 


851625 
852236 
852846 

853455 
854063 


854670 

855277 
855882 

856487 

857091 


857694 
858297 

858898 

859499 

860098 


860697 
861295 
861893 
862489 
863085 


836134 
836767 

837399 
838030 

838660 


LU. 


839289 
839918 
840545 
8411 72 

84' 797 


842422 
B43046 
843669 
844291 

8449^2 


845532 
846151 

846769 

847388 

848004 


848620 

849235 

849849 
850462 

851075 


851686 
852297 
852907 
853516 
854124 


85473  J 

855337 

855943 
856548 

857^52 


85775s 

858357 
858958 

859559 

86oi 58 


860757 
861355 
86x952 
862549 


836197 
836830 
837402 
838093 
838723 


839352 
839981 
840608 
841234 
841859 


842484 
843108 

84373" 
844353 
844974 


l_9_ 
836261 

836894 

837525 
838156 

838786 


839415 
840043 

840671 

841297 

841922 


63 
63 

63 


845594 
846213 

846832 

84744^ 

848067 


848682 
849297 
849911 
85052^. 
351136 


85^747 
852358 

852968 

853577 
8541^5 


854792 
855398 

856003 

856608 

857212 


857815 
858417 
859018 
859619 
8602x8 


860817 
861415 
862012 
862608 
863204 


842547 
843170 

843793 

8444^ 5 
J45036 

84565T 
846275 
846894 
847511 
848128 


848743 

849358 
849972 
850585 

85  "97 


851809 
852419 
853029 
853637 

854245 


854852 

855459 
856064 

856668 

857272 


858477 
859078 
859679 
860278 


860877 
861475 
862072 
862668 
863263  I 


62 
62 
62 
62 
62 

62 
62 
62 
62 

■?2 
61 
61 
61 
61 


61 
61 
61 

6x 
6x 


61 
61 
61 
60 
60 

60 
60 
60 
60 
60 


60 
60 
60 
60 
60 
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■MbaHtfaaMm 


NT 


I 


730 

731 

732 

733 
734 


735 
736 

737 
738 
7J3L 


740 

74« 
742 
743 
744 


745 
746 

747 
748 

749 


750 

75 » 
752 
753 

Zii 


755 
75^ 
7S7 
75S 
759 


760 

761 
762 
763 
764 


765 

y66 

7^7 
768 

7^9 


770 

77» 
772 
773 
774 


863323 
863917 
8645 1 1 
865104 
865696 


866287 
866878 
867+67 
868056 
868643 


869232 
86981 8 
870404 
870989 

^7^573 


872156 
872749 
873321 
873902 
874482 


875061 
875639 
876218 
876795 

^7737^ 


877947 
878522 
879096 
879669 
880242 


880814 
881385 
881955 
882525 


883661 
884229 
884795 
8853-61 
^5^26 


863382 
863977 
864570 
865163 

86£7S5 


866346 
866937 

867526 
868115 
868703 


869290 
869877 
870462 
871047 
^716^1 


872215 

872797 

873379 
873959 
87453? 


875119 
875698 
876276 
876853 

877429 


878004 
8/8579 
879153 
879726 
880299 


863442 
864036 
864629 
865222 
865814 


m 


866405 
866996 
867585 

868 1 74 
868762 


869349 
869935 

870521 

87 1106 

871689 


872273 
872855 

873437 
874018 

874598 


^75^77 

87575<^ 
876533 

876910 
877487 


878062 
878637 
879211 

879784 
880356 


880871 

8814^2- 

882012 

882581 

883150 


883718 
884285 
884852 
885418 
88,-983 


886928 
881499 
882069 
882638 
883207 


886491 
8S7054 

887617 
SH9I79 
888741 


886547 
887111 

8S7674 
8Sj  236 
88^797 


883775 
884342 
884909 

885474 
886039 


o.  6604 

8!  7720 
08^,292 
8SS-53 


865501 
864096 
864689 
865282 
86c 874 


■5SS457 
867055, 
867644 
868233 
868821 


869408 
869994 

870579 
871164 


^72351 
872913 

873495 
874076 

874656 


875*35 
875813 

870391 

876968 

877544 


878119 
878694 
879268 
879841 
880413 


880985 
881556 
882126 
882695 

^^3264 


883832 

884399 
884965 

885ii3i 
886096 


b>:6659 
887223 
887786 
8S034S 
88F909 


4 
863561 

864155 
864748 

865H» , 

865933 

866524 

8671 14 

867703 

868292 

868879 

^694^6 
870053 
870638 
871225 
871^06 


872589 
872972 

«73553 
874134 
874714 

875293 

87587' 
876449 

877020 

877602 

"875777 
878752 

879525 

879898 

880471 


881042 
881613 
882185 
882752 
885321 


883888 

884455 
885022 

885587 

886152 

6716 


55 


8P7279 
887842 
8S8404 
888965 


I 


iMlMl 


l>  Mil 


i*i 


864Z14 
864809 
865400 
865992 

836587 
867173 
ZSyyoz 
868350 
868938 

869525 
8701 I I 
870696 
871281 
871865 


.[ 
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872448 

873029 
873611 
874192 

fZlZZi 

875929 
876507 

877083 
^77659 


863679 
864274 
864867 
865459 
860051 

866642 
867232 
867821 
868409 
868997 

■539584 
870169 

870755 
871339 

^  872506 

873088 
873669 

«74H9 
874829 

575409 
875987 
876564 
877141 

8777' 7 


878234 
878808 
879382 

87995s 
880^27 


881099 
881669 
882239 
882809 

883377 


883945 
884512 
885078 
'885644 
886209 

886773 
887336 
887898 
888460 
889021 


863739 
864333 
864926 
865519 
866110 

866701 
867291 
867879 
868468 
869056^ 

8^9642 
870228 
870813 
871398 
871981 


878292- 
878866. 
879439 
880013 
880585 

881156 
881727 
882297 
882866 

883434 


884002 
884569. 

885135 
885700 

886265 

88^829 
887392 

887955 
888516 

889077 


872561. 
873146 

873727 
874308 

874888 


875466 
876045 
876622 
877199 
877774 


878349. 
878924 

879497 
880070 

880642 


881213 
881784 
882354 
882923 
883491 


884059 
884625 
885192 

885757 
886321 


886885 
887449 
888011 
888573 

889«34. 


I   8 

863799 
864392 

864985 

865578 

866169 


866759 
867349 
867939 
868527 
869114 

869701 
870287 
870872 
871456 
872039 


872622 
873204 

873785 
874366 

874945 


875524 
876102 
876679 
877256 
877832 


878407 
878981 

879555 
880127 

880699 


881271 
881841 
882411 
882979 
883548 


884115 
884682 
885248 
885813 
886378 


886941 
887505 
888067 
888629 


I  ,9  , 
863858 

864452 

865045 

865637 

866228 

866819 
867409 
867998 
868586 
869173 

'869759 
870345 
87093Q 
871515 
872098 


I  D 


872681 
873262 
873844 
874424 

875003 


875582 
876160 
876737 

8773H 
877889 

878464 
879039 
879612 
880185 
880756 


881328 
881808 
882468 
8*3037 
883605 


884172 
884739 
885305 
885869 
886434 


886998 
887561 
888123 
88868 


889189188924 


9 
9 
9 
9 

9 

9 
9 
9 
9 
9 

9 

I 

8 

a 


a 
a 

a 

a 
a 

8 

a 
a 

a 

a 

■« 

7 
7 
7 
? 
7 

7 
7 
7 

7 
T 


7 

r 

ST 

7 


rtkii 
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•iw* 


m 


77S 
776 

777 
77^ 


780 
781 J 
78a 

783 

2il 

785 
786 

7^7 
78ft 

780 


889302 
889862 
890421 
896979 

821111 


I 


892095 
892651 
893207 
893762 
894316 

894839" 
895423 

896520 

897077 


889358 
889918 
890477 
891035 

89'S93 


892150 
892707 
893262 
893817 

J9i37j. 

89492c 

895478 

896029 

896581 

897132 


889414 
889974 

890533 
891091 

eaidjo 


892206 
892762 
893318 
893873 

Ji44^7. 
894980 

895533 
896085 

896636 

897'87 


l_i 


889469 
890029 
890589 
891147 
891705 


892262 
892818 

893373 
893928 

894482^ 

895036" 

895588 

896140 

896692 

82Z£±* 


889526 
890086 
890645 
891203 
891760 


892317 
892873 

8934^9 
893984. 

894538 

895091 

895644 

896195 

896747 
897^97 


790 

79' 

792 

793 
Z2t 


897627 
898176 
898725 
899273 
899821 


897682 
89823 1 
898780 
899328 

899875 


897737 
898286 

898835 

899383 

8999^9 


89779* 
898141 

898889 

899437 
899985 


897847 
898396 

898944 

89949* 
500022 


795 
796 

797 
798 


900367 
900915 
901458 
902003 
903547 


900422 
900968 
901513 
902057 
902601 


900476 
901022 
901567 
902112 
902655 


900531 
901077 
901622 
902166 
902709 


9oos8( 

9011JI 

901076 

902221 

902764 


fOO 

801 
802 
803 

804 


805 

806 

807 

808 

809 


810 
8it 
812 
813 
814 


I 


816 
817 
818 
819 


903089 
903633 

904174 
904716 

905256 


905796 
906335 
906874 
907411 

mm. 


903144 
903687 

904229 

904769 

9053 'o 


905849 
906389 

906927 

907465 

908002 


903199 
903741 

904282 

904824 


903253 

903795 

904337 
904878 


908485 
909021 
909556 
910091 
91062A 

91U58 
911690 
912222 

9"753 

9' 3284 


908539 

909074 
909609 

9 10 1 44 

910678 


905904 

900443 
906981 
907519 
908056 


908592 
909128 
909663 
910197 

2i2ZiL 


905958 
906497 

907035 

907573 
208109 


908646 
909181 
909716 
910251 

£1028£ 


9II2II 

9^743 
912275 

912806 
9>3337 


911203 
911797 
912323 
9128J9 
913389 


9"5»7 
911849 

912381 

9>W3 
9'34|3 


903307 
903849 
904391 

90493* 

906012 

906551 

907089. 

907626' 

908163 


908699 

909*35 
909769 

91020k 

910838 

911J71 

911903 

9»H35 
912960 

9«3496 
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889582 
8901 41 
890700 
891259 
891816. 


6 
889638 
890197 
890756 
891 314 
8911872 


i 


8 


889806 
890365 

89148;^ 
822022, 


889694 
890253 
890812 
891370 
89 J 928 


889749 
890309 
890868 
S91426 
891983 


892373 
892929 
893484 
894039 

894193 


895146 
895699 
896251 
896802 
892212 


897902 

898451 
898999 

899547 

Q00094 

900640 
901 I 86 
901731 
902275 
902818 


892429 
892985 
893539 
894094 
894648 


895201 

895754 
896306 

896857 

807407 


1^892484 
893040 

893595 
894H9 
8^4704 


89*5.39 
893096 
893,65-1 
894205 

82^759 


895257 
895809 
896361 
896912 

897462 


^  t". 


89*595 
893151 

893706 

894261 

894814 


897957 
898506 

899054 

899602 

900149 


898012 
898561 
899109 
899656 
900203 


895312 
895864 
896416 
896967 

822£i2. 


898067 
898615 
899164 
899711 
900258. 


895367 
895919 

89647X 
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970626 

970672 

970719 

_go765 

^ 

97104+ 

971090 

97"37 

971183 

9712.9 

Ti 

kM.^ 

971508 

97' 5 54 

971601 

971647 

971693 

■»! 

Hh.^ 

97'97" 

972018 

972064 

97.110 

97. '57 

♦f 

^K4 

972434 

972481 

972S>7 

97.573 

972619 

♦5 

w  w 

972897 

972943 

972989 

973035 

9730S2 

^ 

1 

9735S9 

973405 
973868 

97345' 

973497 

973543 

^ 

973820 

973913 

973959 

974466 

■•! 

974281 

974327 

974374 
974*34 

974419 

46 

»7474" 

974788 

974879 

9749.6 

■»! 

9f!202 

975248 

975294 

975339 

97(386 

_j6 

9W62' 

975707 

9757S3 

975799 

976364 

46 

97^21 

976167 

97^212 

976258 

46 

976s\ 

976625 

976671 

976717 

976763 

*i 

97703X 

977083 

977129 

977'75 

977220 

46 

97-49> 

977541 

977586 

977632 

977678 

4? 

9779S2 

977998 

978042 

978089 

97813! 

Ts 

978409 

978454 

978500 

978546 

978591 

46 

978865 

97891 1 

978956 

979002 

979047 

46 

979321 

979366 

979412 

979457 

979503 

46 

010- ■'6 

Q7Q821 

979867 

979912 

979958 

46. 

c 

n- 

' 

9SS 
956 

957 
958 

959^ 

960 

961 

96Z 

963 

965 
966 
967 
968 
969 
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I 


980003 
980458 
980912 
981366 
981 B19 

982271 
982723 

983'79 
983626 

984077 


980049 
980503 
980957 
981411 
981864 


982316 
982769 
983220 
983671 
984122 


984527 
984977 
985426 
985875 


984572 
985022 
985471 
985920 
986369 


980094 
980549 
98 1 003 
981456 
98 1 909 


I    ?    ' 


982362 
982814 
983265 
983716 
984167 


984617 
985067 
985516 
985965 
986414 


980139 
980594 
981048 
981501 

98'9S4 


982407 
982859 
983310 
983762 
984212 


984662 
985112 
985561 
986009 
986458 


9801S5 
980639 
981093 
981547 

981999 


982452 
982904 
983356 
983807 

984257 


984707 

985" 57 
985606 

986055 

986504 


970 
971 
972 

973 
974 


986772 
987219 
987666 
688113 
98855Q 


986817 
987264 
987711 
988157 
988604 


986861 
987309 
987756 
988202 
988748 


986906 

987353 
987800 

988247 
988^^93 


986951 
987398 
987845 
988291 

988737 


975 
976 

977 
978 

979 


989065 
989449 
989895 
990339 
990783 


9S9049 
989494 
989939 
990383 
990827 


989094 
989539 

989983 
990428 
'990871 


989138 
989584 
990028 
990472 
9969 1 6 


989183 
989628 
990072 
9905 I 6 
990960 


980 
981 
982 
983 
984 

985 
986 
987 
988 
98Q 


991226 
991669 

9921  M 
992554 
992995 


991270 

99»7«3 
992156 

992598 
993039 


991315 
991758 
992199 
992642 
993083 


993436 

993877 
994317 

994756 

og?iQ6 


993480 
993921 
994361 
994801 
og5240 


993524 
993965 
994405 
994845 
Q95284 


991359 
9^1802 
992244 
992686 
993127 


993568 
994009 
994449 

994889 
qQq328 


991403 
991846 
992288 
992730 
993172 


99361 3 
994053 

994493 
994933 
995372 


990 
991 
992 

9i?3 
994 


995035 
996074 
996512 
996949 
997386 


995079 
9961 1 7 

996555 
996993 

097430 


995723 
996 I 61 
996599 
997037 

997474 


995764 
996205 
996643 
997080 

9975'7 


995811 
996249 
996687 
997124 
997561 


995 
996 

997 
998 

999 


997823 
998259 
998695 


999133 
999565 


997867 
998303 
998739 
999176 
999609 


997910 
998347 
9987-a3 
999218 

00^652 


9^7s54 
9983  o 

908823 

^99231 

909696 


9V79.8 
998434 
998869 
990305 

9Q<^'73 


TT 
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980231 
980685 
981139 
981592 
982045 


982497 
982949 
983401. 
983852 
984302 


984752 
985202 
985651 
986099 
98^^48 


986996 
987443 
987889 
988336 
988782 


989227 
989672 
9901x7 
990561 
991004 


99.1448 
991890 
992333 

992774 


993657 
994097 

994537 

994977 
995416 


995854 
996293 
996731 
997168 

997605 


998041 
998477 
998913 
999348 
$99783 


I 


I 


I  ^ 


980276 
980730 
981184 
981637 
982090 


980322 
980776 
981229 
981683 

982'35 


982543 
982994 
983446 
983897 

984347 


984797 
985247 
985696 
986141 

986593 


982588 
983039 
983490 
983942 

984392 


984842 
985292 
985741 
986189 
986637 


987040 
987488 
987934 
988381 
988826 


987085 

987532 
987979 
988425 
988871 


989272 
989717 
990161 
990605 

99' 049 


991492 
991935 
992377 
992819 

9932^9 


989316 
989761 
990206 
990649 

99' 093 


991530 

99 '979 
992421 

992863 
993304 


980367 
980821 
981275 
981728 
982181 


980412 
980867 
981320 
981773 
982226 


982633 
983085 
983536 
983987 

984437 
984887 

985337 
985786 

986234 

986682 


982678 
983129 
983581 
984032 
984482 


987129 

987577 
988024 

988469 

988916 


989361. 
989806 
980250 
990694 

99"37 


984932 
985382 
985830 
986279 
986727 


987175 
987622 

988068 

988514 

g8896o 


989405 
989850 
990294 
990738 
Q91182 


991580 
992023 
992465 
992907 
993348 


993701 
994141 
994581 
995021 

9954^9 


995898 

996337 
996774 

997212 
997648 


998085 
998521 
998956 
999392 
999826 


993745 
994185 

994625 

995065 

995504 


995942 
996380 
996818 

99725s 
997692 


998 1 29 
998564 
998999 

999435 
999869 


993789 
994229 
994669 
995108 


995986 
996424 
996S62 
997299 

997736 


998172 
998608 
999043 

999479 
999913 


991625 
992067 
992509 
99295 1 
993392 


993833 
994273 

994713 

995152 

99559' 


996029 
996468 
996906 

997343 
997779 


998216 
998652 
999087 
999522 

999957 


45 
45 
45 
45 
45 


45 
45 
45 
45 

IS 


45 
45 
45 
45 

Ji 
45 
45 
45 
45 

ii 
45 
44 
44 
44 
44, 


44 
44 
44 
44 

if 
44 
44 
44 
44 
44 


44 
44 
44 
44 
JL4 
44 
44 
44 
44 
43 


[F2] 
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TABLE 

O    F 

Artificial  Sines  and  Tangent? 

To  every 

DEGREE  and  MINUTE 

0  F    T  HE 

Q^tJADRANT, 

Ti&f  Commotf  Radius  being  io,t?ooooo. 


The  Table  of  Sines  and  Tangents. 


Degree  o. 


M  I       Sine.      I     Co'fine,      \    \   Tangent.  |     Co^tang,     \ 


o  1  O.OOOOCO   lO.OOOOOO  1  1  o.oooooo  1 

injinita. 

60 

I 

2 

3 
4 
5 

6.46372f) 

6.764756 
6.040847 

7.065786 

7.162696 

9.999999 
9.999999 
9.999999 
^.999999 

9.999999 

6.4(53726 

6764756 
6.940847 

7.065786 

7.162696 

>  3536274 
13.235244 

13.059153 

12.934214 

12.837304 

59 
58 

56 

55 

0 

7 
8 

9 

10 

7.241877 
7.300824 
7.366816* 
7.417968 
7.463726 

9.999999 
9.999999 
9.999999 
9.999999 
9.999998 

7.241878 
7.308825 
7.366817 
7.417970 
7.463727 

12.758122 
12.691175 
12.633183 
12.^82030 
12.536273 

54 
53 
52 

5^ 
50 

II 

12 

13 

7.505  II 8 
7.542906 
7.577668 
7.609853 
7.639816 

9.999998 
9.999997 

9-999997 
9.999996 

9.999996 

7,505120 
7.542909 

7.577672 
7.609857 
7.639820 

1  2.494880 
12.457091 
12.422328 
12.390143 
12.360180- 

49 
48 

46 

45 

i6 

17 
i8 

»9 

20 

7.667844 
7.694173 
7.718997 

7742477 
7-764754 

9.999995 
9.999995 
9.999994 
9.999993 

9999993 

7.067849 
7.694179 
7.719003 
7.742484 

7.764761 

12.332151 
12.305821 
12.280997 
12.257516 
12.235239 

44 
43 
42 

4» 

40 

21 
22 

23 
24 

25 

7785943 
7  806146 

7.825451 

7-843934 
7.861662 

9.999992 
9.999991 
9.999990 
9.999989 
9.999989 

7.785951 
7.806155 
7.825460 
7.843944 
7.861674 

I  2. 2 1 4049 
12  193845 
12.174540 
12.156056 
12.138326 

39 
38 
37 
36 

35 

26 

27 
28 

29 
30 

7.878695 
7.895085 
7.910879 
7.926119 
7.940842 

9.999988 
9.999987 
9.999986 
9.999985 
9.999983 

7.878708 
7.895099 
7.910894 
7.926134 
7.940858 

12.121992 
12.104901 
12.089106 
12.073866 
12.059142 

34 
•33 
32 

3" 

30 

I    Q^fiie,     I       Sine.       |    |    Co-tang,    |    Tangent.    |  M 

Degree  89. 


\ 


The  Table  of  Sines  and  Tangents. 

Degree  0. 

M 

1   Sine.   1  Co-fine.    \    \  Tangent.   Co-tang.     | 

30  1  7.940842  I  9.999983  1  1  7.940858  1  1Z.059142  1  3c| 

3« 
32 

33 
34 
35 

7.955082 
7.968870 
7.982233 
7.995198 
8.007787 

9.999982 
9.999981 
9.999980 
9.999978 
9.999978 

7.955100 
7.968889 
'7.982253 
7.995219 
8.007810 

1 2.044900 
12.031111 
12.017747 
12.004781 
11.992191 

29 

22) 

27 
26 

25 

36 
37 
38 

39 
H 

4» 

42 

43 
44 
45 

8.020021 
8.03 151 9 
8.043501 
8.054781 
8.065776 

9.999976 

9-999975 

9-999973 
9.999972 

9.999971 

I 

8.020044' 

8.031945 

8.043527 

8.054809 

8.065806 

11.979956 
11.968055 
11.956473 
11.945191 
11.934194 

24 

23 
22 

21 

20 

8.076500 
8.086965 
8.097183 
8.107167 
8.116920 

9.999969 
9.999968 

9999966 
9.999964 
9,999963 

1 

8.076531 
8.086997 
8.097217 
8.107203 
8.116963 

1 1.923469 
11.913003 
11.902783 
11.892797 
11.883037 

'9 
18 

16 

»5 

46 
47 
48 
49 
50 

5' 

52 
53 
54 
55 

8. 1 2647 1 
8.135810 
8.144953 
8. 153907 
8.162681 

9.999961 
9.999959 
9.999958 
9.999956 

9-999954 

8.126510 
8.135851 
8.144996 
8.153952 
8.162727 

n.  87  3490 
11.864149 
11.855004 
11.846048 
11.837273 

14 

>3 
12 

• 

II 
10 

9 
8 

7 
6 

5 

8.171280 
8.179713 
8.187985 
8.196102 
8.204070 

9.999952 
9.999950 
9.999948 

9-999946 
9-999944 

8.171328 
8.179763 
8.188036 
8.196156 
8.204126 

11.828672 
11.820237 
11.811964 
11.803844 
11.795874 

56 

S7 
58 

8.211895 
8.219581 
8.227134 
8.234557 
8.241855 

9.999942 
9.999940 
9.999938 
9.999936 

9-999934 

8.211953 
9.219641 
8.227195 
8.234621 
8.241921 

11.788047 
11.780359 
11.772805 
11.765379 
11.758079 

4 

3 

2 

1 

0 

1  Co-fine.    1   Sine.   |  [  Co-tavg.    \    Tangent.  (  M 

Degree  89. 

/v** 


Tbe  TaUe  of  Sines  and  Tofigents. 

I/C^J'CA  1.                       V 

M  1  Sine.   |  €#->#.  {  |  Tangent.  |  Ca-tani,    \ 

o  1  8.241855  1  9.999934  1  1  8.241921  I  11.75^79  f  60 

I 
2 

S 

4 
5 

8249033 
8.256094 
8.263042 
aL2698$i 
8.276614 

9999932 
9.996929 

9.999927 

9.999925 

9.999922 

8.249102 
8.256165 
8.2631 1 5 
8.269956 
8.276691 

11.750898 
11.743835 
11.736885 
11.730044 
11.723309 

59 

58 

!? 

5! 

6 

.7 
8 

9 
10 

8.283243 
8.289773 
8.296207 
8.302546 
8308794 

9.999920 
9.999918 
9.999915 
9.999913 
9.999910 

8.283323 
8.289856 
8.296292 
8.302634 
8.308884 

11.716677 
11.716144 

11.697366 
1 1.691 1 16 

54 
S3 

50 

ti 
12 

«3 
H 

«7 
18 

»9 

20 

8-3«4954 
8.321027 

8.327016 

8.332924 

8.33«753 

9-999907 
9.999905 

9.999902 

9.999899 

9.999897 

8.315046 
8.321 122 
8.327114 
8.333025 
8.338856 

11*678878 
11.672886 
11.666975 
11.661144 

18 

45 

8344504 
8.350180 

8.355783 

8.361315 

8.366777 

9.999894 
9.999891 
9.999888 
9.999885 
9.999882 

\ 

8.344610 
8.350289 
8.355895 
8.361430 
8.366895 

11,655390 
11.649711 
11.644105 
11.638570 
11,633105 

44 
43 
42 
4» 

40 

21 
22 

23 

24 
25 

8.372171 

8.377499 
8.382762 

8.387962 

8.393101 

9.999879 
9.999876 
9.999873 
9.999870 
9.999867 

■^ 

8.372292 
8.377622 
8.382889 
8.388092 
8.393234 

11.627708 
11.622378 
11,617111 
11.611908 
11.606766 

39 

36 

35 

26 

••7 
28 

29 

30 

8.398179 
8.403199 
8.4081 61 
8.41 3068 
8.417919 

9.999864 
9.999861 
9-.999858 
9.999854 
9.999851 

8.398315 
8403338 
8.408304 
8.413213 
8.418068 

11.601685 
11.596662 
11.591696 
11.586787 
11.5S1932 

34 
33 
3^ 
3« 
3<* 

1  C(f.fiu.    1   Sine.   |  |  Co-tang.    |  Tangent  |  M 

^— — 

Degree  88. 

n  *Br<i 


*■* 


The  Table  of  Sines  and  Tat^ems. 

Degree  t. 
M  {     Sine.     |    C»-fiu.    [   |  Tangent.  |    Lt-tMg.    \ 
30  [<.4i79i9  I  9.999851  I  j  8.418068  f  ii.58i9)>  I  }o 

3* 
S3 
34 
3S 


8.4iS7i7 
B.43746S 
8.43*156 
8.434806 


9.999848 
9.999844 
9.999841 
9.999838 

9:999834 


8.422869 
8.427618 

8.436962 
8.441 560 


577 'S« 
572382 

S6768C 

563038 

5S.«4+o 


29 
«8 

«7 
26 


36 
37 
3« 

39 
40 


«-44594« 
8.450440 

8.454893 
8.4S3665 


9-99983' 
9.999827 

9.999824 

9.999820 

9^999816 


8.4461 10 
8.450613 
8  455070 
8.459481 

8-463849 


J 53990 

549387 

54493" 

5405>9 
536151 


»4 
23 

22 
21 

20 


4« 

'4* 
43 
44 
45 


8.467985 
8.472263 

8.480693 
8.484848 


9.999812 
9.999809 
9.999805 
9.999801 
9.999797 


8.466172 
8.472454 
8.476693 
8.480892 
8.485050 


531828 

5«754« 
523307 

519108 
S«495o 


»9 
18 

»7 
16 


46 
47 
48 
49 

JO 


8.488963 
8.493040 

8-49^078 
8.501080 

8.505045 


9.999794 
9.999790 
9.999786 
9.999782 
9.999778 


8.489170 
8.493256 
8.497293 
8.501  298 
8.505267 


5IO83D 
506750 
502)07 
498702 

494733 


13; 
12 

II 

10 


53 

54 

is 


8.5089^4 
84512807 
8.516726 
8*5  205*5  r 
8*524343 


9-999774 
9.999769 

9.999765 

9.999761 

9.999756 


81528102 
8.531828 

8-5355*3 
8.539186 

8.542819 


8.509200 
8.513098 
8.5 1 696 1 
8.520790 
8.524586 


4908C0 
486902 
483039, 
479210 

4754H 


8.528349 
8.532080 

S-535779 

$•539447 
8.543084 


9 
8 

7 
6 


56 
57 
$8 


9-999753 
9.999748 

9-999744 
9.999740 

9-999735 


471651 
467920 
464221 
460553 
456916 


3 

2' 
I 
O 


I    Confine.    I 


cme. 


I    I    Co'tang,  I   Tangent.  [  M 
Degree  88. 

■    "      ■     ,     ■  '    ■   ■■■■■'      ■   ■■! '■<     ■       0^*  ■ 


o|  8.542819  I  9.99973s  I  1  ^-543084!  1 1.456916  )'6p 


the  'table  of  Sines  and  taJtgMs. 


Degree  2. 


M  \      Sine.     I    0>-Jim.    \   \  Tangeat.  |*    Co-aw^.    | 


I 

z 

3 

4 
5 


7 
9 


IX 
1*2 

y 
16 

»7 
18 

«9 

20 

21 

22 
23 

!1 
26 

27. 
28 

29 

30 


8.546422 
^•549995 

«-55353?' 
8.557054 

8.56054D 


9-99973 « 
9.999726. 

9.999722. 

9.999717 

9.999713 


8,546691 
8,559268 
8.553817 

:8.-557336 
8.5608^7 


8.563999. 

8,567434 

8.570836 

8.574214 

8.577566 


9*999708 
9.999703 
9.999699 
9.999694 
9,999689 


8.564291 
.8.567727 
8.571 137 
8.574520 
8,577877 


8.58089Z 
8.584I93[ 
8,587469 
8.590721 
8.59394a 


9.999685 
9*999680 
9.999675 
9.999670 
9.999665 


8.581208  I 
8.584514  I 
8.58779s 
8.591051 
8.594283 


8.597152 
8.600332 
8.603488 
8.606622 
8.609734 


9.999660 
9.999655 
9.999650 

9999645 
9.999640 


8.597A92 
8.600677 
8.603838 
8.606978 
8.610094 


8.612823 
8.61 5891 
8.618937 

8.621962 

8.624965 


9-999635 
9.999629 

9.999624 

9.999619 

9.999614 


8.613189 
8.616262 
8.619313 
•  8.622343 
8.625352 


8.627948 

8.6309  IX 

8.633854 
8.636776 
8.639680- 


9.999608 
9.999603 

9-999597 
9.999592 

9.999586 


8.628340 
8.631^08 
8.634456 
8.637184 
8.640093 


♦♦ia509 

•44973« 
•446183 

•442664 

43917* 


•435709 
.432272 

.428863 

.425480 

.412123 


.418792 
.415486 
.412205 
.408949 


.402508 
.399323 
.396161 
.393022 
.389906 


.386811 

•3«3738 
.380687 

^77657 
.374648 


.371660 
.368692 

-3^5744 
.362816 

.359907 


59 

58 

Vi 

54 
53 
5« 
S« 
50 


49 
48 

47 


405717  I  45 


44 
43 
4^ 
4« 
40 


I 


w 

38 
37 
36 

i! 

34 
33 
3*' 

3« 

30 


I    0>-Jint.    I      Sine.     \   \   Ca-ttag.   \  Tangent.   |  M 

Degree  87. 


4. 


■M#l 


tm 


The  tMe-^^  Shies  dnd  Tamenis. 

Degree  2. 
M  I      Sine.     |    C»-JIm.    |  '  |  'Taagnit.  |    Ct-tmg.    \ 
30  J  «.639679  I  9.999^86i    |  8:640093  |  ii.3;99074  }o 


3> 
3« 

331 

'1 


f^4s5%3 

8.648x74 
8.6jiiox 
8.61;  391 1 


^.999^»r 

9-999S75 
9'999Wo 
9-9995^ 
9-999??8 


I 


8.642982 
8.6458J3 
8^48704 
8.651  $38 

'8:6j4352 


•3J70«7 

•354«47 
.351296 

.348^63 

.345648 


*9 
28 

27 
26 

«5 


57 

4« 


8.656702 
8.6|947j 
8.662I30 
8.'664968 
8.667689 


9-999«3 
9-999547 
9-99954» 
9-999535 
9-9995*9 1 


8;657i49 
8.659928 
8.662689 
8.665433 
8.668160 


■Mr^ 


.34^85* 
•34DO72 

•5373" 
a.554567 

t;53t84A 


»4 

*3 

22 

21 
20 


4^ 

4« 
45 

44 
4f 


8.670393 
8.673080 
8.675751 
8.678405 
8.681043 


9-9995*5 
9.999518 

9.999512 

9.999506 

9-999499' 


8.670869. 
8.673563 
8.676239, 
8.678899 
8.641544 


^•^49130 
.326437 

(921  too 

.318456 


4* 
47 

4» 
49 

5^ 


8.683665 
8;686^2 
8.668862 
8J691438 
8.69(3998 


9-999495! 

9-999^ 
9.999481 

9-999475  , 
9.999469 


8.684172 
8.680784 

8AJ196S 
8.694529 


.315)828 
.313246 
.310619 
.308037 
.305471 


St 
H 
tS5 


8.696543 
8-699073 
8^701589 
8.704090 
8.706576 


9.999462 
9-999456 
9-99945^ 
9-999443 
9-999457 


8.697081 
8.699617 
8,702139 
8.704646 

8.707139 


.302919 

^500383 

1.297861 

•*9S554 
.292860 


4 

3 

2 

I 
o 


I 


1; 


8.709049 
8.711507 
8.713952 
8.716383 

8.718800 


9.99943 » 

9-9994H 
9.999418 

9-9994»« 
9.999404i 


8.709618 
8.712083 

8-7«45a4 
8.716972 

8.719396 


.290381 
.28791 7 
,285466 
.283028 
.286604 


5 

2 

1 
o 


I  Co^Jme^    I 


Dcgiw  87. 


nt  Ttiie  rfsmtia  irsfott- 

-    d«™T" 

M        Kb.,  -f   <i>,.    1  1  Ti^p.:  1    O-f,/*.  T 

o    8.71B800I  9.999404 

^7.71939^1  il.z8o6e4 

&> 

S 

8.7J1J04 
«-7«S95 

8.7JOMJ 

999939* 
9-999391 
9-999J»4 
9-99937« 
9-999371 

».         19 
»-7SI3>7 

■>-»7'"94 
'■-•7S79* 
H-47»4'» 

11 
ii 

< 

10 

•■7JSW7 

9-99»3'4 
9-9993S7 
9-9993S'' 

9-999!!' 

«.7J!«i 

B.74a9»a 

■  I-XS.M3 
"-•S9374 

il.«S7078 

14 
II 
5> 
J' 
f 

1! 

>-7«OSS 
8j«!»8 

9-999!»9 
9-9993» 

9.999301 

8.74JM7 
8-747479 

«-7!4»»7 

"-«479! 

1  i-a5oite 
ii-HSoti 

Ii-»45773 

45 

I< 

11 

8.7SS74T 
8-7!79!S 

a.7«s33T 
8.7«4!" 

9-999«79 
t-999»7« 
9-«99»«S 

«-7*5«4 

■■:»4JS47 
M-M'Sj; 
Il-S!9li8 
II-<30»S 

■'-«34754 

44 
43 

44 
« 

40 

u 

■4 

»5 

8.770570 
8.773 1«> 
•■77S."3 

9-999»S7 
9-999»S« 

9-999«!! 

9999»«7 

8-77599S 

II.1JII4U 

.  1.^8.73 
■■-««9'H 
ii.U4«>; 

33 

26 

1 

8-7773SJ 
8.7794St 

8.78567* 

e-999»o 
9.99911S 
9,99*104 
9-999'97 
9.999.89 

8-77*»'+ 
B.jSijM 

li.»i«8i 

tl.»i768a 
n.iSS9» 
ii.»i)!i4 

[    &>,,   [     So».     1    1    (iJ.».   1  T««to..    |.  Ml 

•n 


34 
?5 


^787736 

5.791328 

9.793^59 
8.795881 


9.999?8i 
9-999»74 

9.9991  QQ 
9.999158 

9^999  «$« 


87885$4 
8.790613 

8.792661 

8.79A701 

8.796731 


56 
37 

39 

40 


^      t 


8-799897 
Mo  1 89 1 

g.8g3876 
8.8o58$2 


9.999141 

9-999U4 
9^999126 

9.9991 18 
9,9991*0 


8.79«7C2 
8.800763 
9.802765 
8.80^758 
8.800742 


4» 
4^ 
43 

44 
45 


T.8q7?I9 
8.809777 

9.813667 
8.815598 


9.999 1  oi 

9-999<^ 
9*999086 

9i999«>77 
9,999069 


rSo87i7 
8.810683 
8.8x2641 
8.814589 
,8.816529 


49 


17522 
.819436 
8,8213^ 

f8»i*40 
8.8251,30 


9.9995S1 
9.99905* 

ft999044 
9.09^27 


8.818461 

8.8;t0384 
8.8:12298 
8.824205 
8.826103 


S' 
5* 
5? 
54 
$S 


9.82701  I 
8.8281884 
9.850740 
9.83^600 

g-H34456 

(1832297 

8.838130 
8.a399s6 

8.»4»774 
»-843S«5 


9.999019 
9,9990161 
9,999002 
9,9989a3. 
9^998984 


8.827992 
8.829874 
8.831748 
8.833613 
8.835471 


9.998976 

9^9989^57 
9.998958. 

9.998950 

9.998951 


8.837321 
8.839163 
8.840998 
9.842825 
8.84^644 


,211446 
209387 
207338 
205299 
203269 


20x248 
199237 

^97«J5 
195242 

193258 


19x283 
189317 

1.87359 
185411 

183471 


1^^539 
I 7961 6 
X77702 

»75795 
173897 


172008 
170126 

168252 
166387 
164529 


162679 

160837 
159002 

i57»75 
«S5356 


?9 
28 

s 


H 
?3 
92 

21 

ao 


t8 

16 
«5 


13 
12 

11 

10 


9 
8 

7 
6 


4 

3 

2 

1 

o 


~T*'(i>#    r    Sine.  "T  F    ^WiM^.    I  Tangent.  [  M 


Degree  S6. 


^^■p 


r 


_      ,^  ^     >-.  ..  .^.         ..  ■-■■»»>■». 


>  ar    «■  »» ■ 


••»i 


'■■^'        *   '       ", 


The  ^able  ef  Sims  a$td  Tofigentt. 

Degree  4^ 


1 


*i*«»i. 


M  I     Sine.     [  d-jS^'    I  I  Tan&mtJ   &-/4Mg,,  | 

o 


I  8.843584  1  9-998941  I  I  8*844644  I  11^155556160 


I 

9 
4 
S 


8.845387 

8.847183 

8.848971 

8-850751' 

8.852525 


9-998931 
9.998923 

9.998914 

9- 
9' 


8.84645c 
8.848256 
8.850057 
8.851846 
8.853628 


9 

10 


8.854491 
8.850049 
8.857801 
8.859546 
8.86i28« 


9.998887 
9.998878 
9,998869 
9.998860 
9.998651 


8.855403 
8.857171 
8.858932 
8.860686 
8.862433 


It 
»5 


8.863014 

8.86A738 

8.866454 

8.86816 

8.86986 


9.998841 
9.998832 
9.998823 
9,998813 
9.998804 


8,864173 
8.865906 
8.867632 
8.869351 
8.871064 


16 

•.I 

J9 

20 


8.871565 
8.87325c 
8.874938 
8.870615 
8.878285 


9.998795 
9.998785 
9,998776 
9.998766 
9.998757 


8.872770 
8.871469 
8.876162 
8.877849 
8,879529 


« 


21 

22 

*3 

H 

ii 
26 

a8 
29 

30 


8.879949 
8.881667 
8.883258 
d.884903 
8.886542 


9.998747 
9.998738 
9,998728 
9.998718 
9*998708 


8.881202 
8.882869 
8.884530 
8.886185 
8.887833 


•>  53545 
.151740 

■»49943 
.148154 

.145372 


«44S97 
142829 

1 41 068 

«393»4 
'37567 


»358*7 

«34094 
132168 

1306 

1 2893 


I40 


127^3^ 
I 2553 I 
123838 

12^151 

I 20471 


118798 

II713I 
IIJ47O 

113815 
II2167 


r 


s 
s 

K 

54 
53 
5* 
5« 
50 


44 
43 
4» 
4« 


3 

36 
35 


8.888174 
8.889801 
8.891 42 1 
8.893035 
8.894643 


9.998699 
9,99^689 
9.998679 
9.998669 
9,998659 


8.889476 
8.891 11 2 
.8.8927x2 
8.894306 
8.895984 


1 10524 
108888 
107558 

.104016 


34 
33 

30 


I    Cc^Jiat.'  \.    Sioe.     {    |    Cff-tw^.    \  Tangent.  |  M 


«■ 


Degree  8 


■    M    > 


mm 


«*« 


M  t 


fie  TaiU  sf  Sm$  and  Ttbigtutt. 

Degree  4. 


.89^5  I  9-9?86s9 


3« 
S« 

3S 
34 
35 


8.896^6 
8.897a4S 

^•«99*3» 
8.901017 

8«904^90 


9.998649 
9.998639 
9,998629 
9.998619 
9^8609 


8.897596 
8.&99203 
8.900803 
8.902398 
8.903987 


ii<io24d4 
11.100797 

11.099197 
11.097602 
II. 096013 


«9 
28 

26 
25 


|6 

37 
3« 
39 
40 


8.904169 
8^5736 
8.907297 
8.908853 
8.910404 


9.998599 
9.998589 

9'99«577 
9.998568 

9.998558 


8.905570 
8.907147 
8.908719 
8,910285 
8.9 1 1 840 


,11.094430 
11.09^853 
1 1. 091 281 

11,089715 
11.088154 


«4 

23 
22 

21 

20 


4» 

4* 
43 
44 
45 


8.91 1949 
8.913488 
8.915022 
8.916550 
8.918073 


9.998548 
9.998537 
9.998527 
9.998516 
9.998506 


8.913401 
8.91A951 
8.916495 
8.918034 
8.919568 


8.921096 
8.922619 
8.924136 
8.925640 
8.927156 


11.086599 
11.085049 
11.083505 
11.081960 
11.080432 


9 
8 

I 


< 


46 
47 
4« 

49 

5P 


8.919591 
8.921103 
8.922610 
8.924112 
8.925609 


9.998495 
9.998485 
9.998474 
9.998464 

9-99«453 


8.928658 
8.930155 
8.931647 
8.933134 
8>9346i6 


11.078904 
11.077381 
11.075864 
11.074351 
11.072844 


4 

3 

2 

I 
o 


5» 
S« 

S3 
54 
55 


8.927100 
8.928587 
8.930068 
8.931544 

B>9330'5 


9.998442 
9.998431 
9.998421 
9.998410 

9-99^399 


X  1.071 342 
11.069845 
11.068353 
11.066866 
11.065384 


8.936093 
8.937565 
8.939032 
8.940494 

8«94'95g 


9 
8 

I 


J6 


8.934481 
8.935942 
8.937398 
8.938850 
8.940296 


9.998388 
9.998377 
9.998366 

9-99?355 
9»998344 


1 1.063907 
11.062435 

11.060968 
n. 059506 
11.058048 


4 

3 

2 

I 

o 


1    C#^.    I     Sine.      |    |   Ct-tai^.   \  Tangent.   |  M 


Degree  85. 


w» 


■*^ 


n>  TVK  tftmKimi  t^fadt. 


-9v.i^ 


"I 


I 


\\J' 


"I'-w^lyw'wl  !'»«'*»»  I  ■■■»<»H« 


M4>7J« 

••9tj;7i 


'■9«7' 


M9««4J 


««»5»7 


■'■•As; 


■'••t«»s» 
'■••«■♦» 
^2&L 


•■9iH"» 
8.961429 


»99«««> 


9-W*'74. 


ii.a4i|j6 


•oj!<» 


».9»i'»I.V-«i«j?# 


9.962801 
8.9641 70 


9.99816] 

9-998ISI 

9.^111 
9.998116 


8.969600 

8.970947 
8.972289 
8.97362a 
I974962 


9-99g'*H 
9.998092 
9.998080 
9.998068 
9.99S0S6 


8g7»i« 


8.971495 
9.9728SS 

'■97SS6" 
8.976906 


41033901 

ft.e3t6d6 


.6sB{o; 
ft  .045^ 


^ 
¥ 

^ 

n 


I.c»3eg4  I  j; 


8.9776  r  9 
8.978941 
8.9802  $9 
«.9?i573 


9.998044 
9.998031 
9.998010 
9.998008 
999799^ 


8.978148 
8.979(86 
8.980921 
8.983251 

»'983;77 


it. 0204^4, 
1 1 .01 9o;>9 
»i.<*i7749 


Sh»e.      j    I    Ct-img.    I    TmgenL 
Degree  84. 


The  "Table  of  Sines  and  Tangents. 

Degree  ^. 
M  I       Sine.      |    Co-fine,     \    \   'J'angcnt.  (     Cc-tang.    \ 


30 

1  8.981573 

1  9-99799^ 

1 

8.983577 

1  1 1. 016423 

3© 

3' 

32' 

33 

3+ 

35 

8.982883 

8.984189 

8.98^491 

8.986789 

8.988083 

9.997984 
9.997971 

9-997959 
9-997947 
9-997935 

8.984899 
8.986217 
8.987532 
8.988842 
8.990149 

11.015101 
11.013783 
11.012468 
11.01 1158 
11.009851 

29 

28 

27 
26 

25 

36  J 

37 

3« 

39 
40 

8.989374 
8.990660 
8.991943 
8.993222 

8  994497 

9.997922 
9.997910 
9.997897 
9.997885 

9-997873 

8.991451 
8.992750 
8.994045 

8.995337 
8,996'j24 

11.008549 

U. 007250 

•11.005955 

11.004663 

11.C03376 

24 

23 
22 

21 

20 

4' 
42 
43 
44 
45 

8.995768 
8.997036 
8.998299 
8.999560 
9.000816 

9.997860 
9.997847 
9.997835 
9.997822 
9.997809 

■ 

8.997908 
8.999188 
9.000465 
9,001738 
9.003007 

11.002092 

II.pOC8l2 

'0-999535 

10.998262 

10.996993 

19 
18 

'»7 
16 

15 

46 

47 
48 
49 
$0 

9.002069 
9.003318 
9.004563 
9.005805 
9.007044 

9-997797 
9.997784 

9.997771 

9.997758 

9-997745 

9.004272 
9.005534 
9.0067*92 
9.008047 
9.Q09298 

10.995728 
1 0.994406 
10.5(93208 
10.991953' 
10.990702 

H 

13 
12 

I.I 

10 

5« 
52 

S3 
54 
55 

9.008:^78 
9.009510 
9.010737 
9.011962 
9.013182  . 

9997732 

9-9977 « 9 
9.997706 

9.997693 

9.997680 

9.010546 
9.01.1790 
9.0 1 3031 
9.014268 
9.015502 

10.989454 
10.988210 
10.986969 
10.9S5732 
10.984498 

9 
8 

7 
6 

5 

56 

58 
60 

.9.014399 
9.015613, 

9.01 68:24 
9.0.18031 
9.01923^ 

9.997667 

9-997654 
9.997641 

9.997628 

9.997614 

9.016732 
9.017959 
9.019183 
9.020403 
9.021620 

X0.983268 
10.982041 
10.980817 
10.979597 
10.978380 

4 

3 

2 
I 
0 

I    Cafint.     I       Sine.     |    |    Co-tang,    \   Tangent.  -|  M 

Degree  84. 

ThI ^ 


\ 


Tie  Table  of  Sines  and  Tangent. 

Degree  6. 
M  I      Sine.     |    Co-fim.    \    \  Tangent.  |    Cff-imtg,    | 

■      '■■   ■  ■  W^WIM     ■     I  II      ■        ■■■    I Ill  ■      '■■■■ 

o  I  q.019235  I  9.(;976i4  |  |  9.021620  |  10.978380  |  60 


2 

3 

4 
5 


9.0204351 
9.021632 
9.022825 
9.024016 
9.025203 


9.997601 
9,997588 

9-997574 
9.997561 

9.997548 


9.022834 
9.024044 
9.02525 1 
9.026455 
9.027655 


0,977166 
0.975956 

0-974749 

0-973545 
0.972345 


59 

58 
57 

55 


7 
8 

9 
10 


9.026386 

9-997534 

9.028852 

9.027567 

9.997520 

9.030046 

9.028744 

9.997507 

9.031237 

9.029;!  8 

9^997493 
9.997480 

• 

9.032^5 
9.033609 

9.031089 

0.971 148 

0.969954 

0.96S703 

0.967575 

0.966391 


54 
53 
S» 

5' 

50 


II 

9,032257 

9.997466 

9.034791 

12 

9.033421 

9997452 

9.035969 

»3 

9.034582 

9-997439 

9-037»44 
9,038316 

H 

9.035741 

9'9974*5 

»5 

9.036896 

9.99741 1 

9.039485 

0.965209 

0.964031 
0.962856 
0.961684 
0.960515 


49 

48 

47 
46 

45 


16 

9.038048 

9-997397 

9.040651 

17 

9.039197 

9-9973^3 

9,041813 

18 

9.040342 

9.997369 

9.042973 

»9 

9.041^85 

9-997355 

9.0441 30 

20 

9.042625 

9-99734« 

9.045284 

0.950349 

0,958187 

0.9570^7 
0.955870 
0.954716 


44 
43 
42 
4" 
40 


21 

9.043762 

9.997327 

9.046434 

22 

9.044895 

9-9973 « 3 

9.047582 

*3 

9.046026 

9.997299 

9.048727 

24 

9.047154 

9.997285 

9.049869 

*5 

9.048279 

9.997271 

9.051008 

ro.953566 
0.952418 

0.951273 

0.950131 

0.948992 


r^m 


39 
3a 

36 
3S 


26 

.27 
28 

29 

30 


9.049400 
9.050519 
9.051635 
9.052749 
9.053859 


9.997256 
9.997242 
9.997228 
9.997214 
9.997199 


9.052144 
9.053277 
9.054408 

9-055535 
9.056660 


0.947856 
0.946723 


0-945593     3^ 


0.947465 
0.943340 


34 
33 


3« 

30 


\    Co-Jine.    | 


Sine. 


I   I   Co^tmig.   I  Tangent   f  M 


I>^CQ  8j. 


i«iM*P 


I 
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The  Table  of  Sines  and  Tangents. 


Dcg-ee  6. 


iM«Bi 


iii<ini<iiMitn 


M  I      Skie.     I    Cihfoii,    I    I  Tangent.  |    C^-toHg, 

30  I  9^859  I  9*997  "99  I    I  9-05^660  I  10.943340  I  3<^ 


3" 

33 
34 
35 


36 

37 
38 

4^ 


9.054966 
9.056071 
9.057172 
9.059^71 
9.059567 


9.9971 8j 
9.997170 
9.997156 
9.99714! 
9.9971 27 


9-.65778I 
9.058900 
9.060016 
91061130 
9.062240 


9.060460 
9.061 55 1 
9.06^638 
9.06J723 
9.064006 


9.997112 
9.997098 
9.997083 
9.997068 
9.997053 


9V063348 
9.664453 
9.065I56 
91066655 
9.067752 


0*942219 

6.941 100 
b.939984 
0.938876 
0.937760 


0^936652 

0.935547 

0.934444 

o»933345 
0.932248 


29 

26 

1} 

«4. 

23 
22 

21 

20 


4« 
4« 
45 
44 
45 


46 
47 
48 
49 


9.065885 
9.066962 
9.068036 

9.069107 
9.070176 


9.997039 
9.997024 
9.9^7009 
9.996994 
9.996979 


Mki 


9.068847 
9.069938 
9.071027 
9.O72JI3 
9.073197 


O.9JII53 
0.930062 
0.928973 
0.927887 
0.926803 


9.071  242 
9.07^306 
9.073366 

90744«4 
9.075480 


9.996964 
9.996949 
9.996934 
9.996919 
9.996904 


9.^74278 
9.075356 
9.076432 
9.077505 
9.078576 


0.925722 
0.924644 
0^923568 
0.922495 

0.9214^4 


9 
8 

7 
6 


4 

3 

2 

I 

0 


5J 
5* 
53 
54 
55 


9,076533 
9,077583 
9.07863 1 
9.079676 
9080719 


9.996889 
9.996874 
9.996858 
9.996843 
9»996828 


9.079644 
9.080710 
9.081773 
9.082833 
9.083891 


0*920356 
01919290 
0.918227 
0.91 7 167 
0.9161O9 


I 


J 


56 

5« 
60 


9.Q81759 
9.082797 
9.08)832 
9.084864 
9.085894 


9.996812 

9-99^797 
9.996782 

9.996766 
9*99^7^ 


9.084947 
9.085999 
9.087050 
9.088098 
9.089144 


0.915653 

0.^14006 

0.9129^0^ 

0.911902 

0^910856 


4 
3 

I 


I    Cp-fiie.    \      Sins,      j    |   Co-trntg.   \  Tangent.    \  M 


«*■ 


Degree  83. 
[Ha] 


*MI 


m^mma^ 


f^'mm^ 


The  Table  of  Sines  and  Tangents. 

— — — *— ^— .^■i^»—^— — — 

Degree  7.* 


M  I       Sine.      |    Co-fine,     \    \   Tangent.  |     Co-tang,    \ 
o  I  9.08^894  I  9.996751  I    I  9.089144  I  10.910856  I  60 


I 

2 

3 
4 

5 

9.086922 

9.087947 
9.088970 

9.089990 

9.091008 

9-996735 
9.996720 

9.996704 

9.996688 

9.996673 

9.090187 
9.^9122^; 
9.092266 
9.093302. 
9.094336 

10.909813 
10.908772 

»«>-907734 
10.906698 

10.905664 . 

59 
58 
57 
56 
SS 

6 

7 
8 

9 
10 

9.092024 
9.093037 
9.094047 
9.095056 
9.096062 

9.996657 
9.996641 
9.9966*5 
9.996610 
9.996594 

9.095367 
9.096395 
9.097422 
9.0984^6 
9.099468 

10.904633 
10.903604 
10.902578 
10.901554 
10.900532 

54 
53 
5* 
5« 
50 

II 
12 

»3 

9.097065 
9.098066 
9.099065 
9.100062 
9.101056 

9.999578 
9.996562 
9.996546 
9.996530 
9.996514 

9.100487 
9. 101 504 
9.102519 
9.103532 
9.104542 

10,899513 
10.898496 
10.8974&1 
10.896468 
10.895458 

i9 

46 
45 

16 

>7 
18 

>9 
20 

9.102048 
9.103037 
9*104025 
9.105010 
9.105992 

9,996498 
9.996482 
9.996465 

9*996449 
9.996433 

9.105550 
9.106556 
9.107559 
9.108560 
9.109559 

10.894450 
10.893444 
10.892441 
io»89i44o 
10.890441 

44 
43 
42 
4» 
40 

21 
22 
23 
24 

25 

9.106973 
9.107951 
9.108927 
9. 1 09901 
9.110873 

9.996417 
9.996400 
9.996384 
9.996368 
9.996351 

9.110556 
9.111551 
9.112543. 
9.11353^ 
9.1 14521 

10.889444 
10.888449 
10.8874^7 
10.886467 
10.8^5478 

39 
35 

26 

27 
28 

29 

3<5 

9. 1 1 1 842 
9.1 12809 

9.113774 

•9.114737 
9.115698 

9.996335 
9.996318 
9^996302 
9.996285 
9.996269 

9.115507 
9.116491 
9.117472 
9.118452 
9.119429 

io.8«4493 
10. 8^3  509 
10.882528 
10.881548 
10.880571 

34 

33 

3« 

3« 
30 

I    Confine, .  I      Sine.      |    |    Co-tang;   |   Tangent.    |  M 

Degree  82. 


J 


The  Taile  of  Sinet  and  Tangents. 

Degree  7. 

M  t   Sine.   1  Co'Jine.  .  1  I  Tangent.  |  X:o-tang.    | 

3b"I  9.11569^  (  9.996269  1  1  9.1 19429  .10.880571  1  30 

jr 

'9.U6656 

9.9^6252 

9. 1 20404 

10.879596 

29 

32 

9.117612. 

9.996^35 

9.121377 

10.878623 

28 

33 

9.118567. 

9.996218 

9.122348 

10.877652 

^7 

34 

9.119519 

9.996202 

9.123317 

10.876683 

26 

35 

9.120469 

9.996185 

9.124284 

10.875716 

^5 

36 

9.121417 

9.996168 

9.125248 

T0.874751 

24 

37 

9.122362 

9.996151 

9. 1 2621 1 

.10.873789 

23 

38 

9.123306 

9.996134 

9.127172 

16  872828 

22 

39 

9.124248; 

9.996117 

9.128130 

10.871870 

21 

40 

9.125187 

9.996100 

9.129087 

10.870913 

20 

4«' 

9,126125 

9.9^085 

9.130041 

10.869959 

'9 

42 

9.127060 

9.996066 

9,130994 

10.869006 

18 

43 

9.127993 

9.996049 

9.131944 

10.868056 

>7 

44 

9.128925 

9.996032 

9.132893 

10.867107 

16 

45 

9.129854 

9.996015  . 

9.133839 

10.866161 

»5 

46 

9.T30781 

9.99^98 

1  9-«347»4 

10.865216 

H 

47 

9.1 31706 

9.995980 

9.135726 

10.864274 

^3 

48 

9.132630 

9.995963 

9.136666 

10.363334 

12 

49 

9'33S5« 

9.995946 

9.137605 

10.862395 

II 

50 

9.134470 

9.995928 

9.138542 

•10,861458 

10 

5' 

9.135387 

9.9959T1 

9.139476 

10.860524 

9 

5* 

9.136303 

9,995894 

9.140409 

10.859591 

8 

53 

9.137216 

'  9'99S^7^ 

9.141340 

io.858*j6o 

7 

54 

9.138127 

9.995859 

9.142269 

10.857731 

6 

ii. 

9-139037 

9.995841 

9.143196 

10.856804 

5 

56 

9.139944 

9.995824 

9.144121 

10.855879 

4 

57 

9.140850 

9.995806 

9.145044 

10.854956 

3 

58 

9.141754 

9.995788 

9.145965 

10.854035 

2 

$9 

9.142655 

9.995770 

9.146885 

10.853115 

I 

60 

9.142555 

9-995753 

9.147803 

10.852197 

0 

1  Co-fine.    1   Sine.   |  |  Co-tang.    (  Tangent.  |  M 

Degree  82. 

itfilM 


The  Table  of  Sines  and  Tan^enti. 

Degree  8* 


M  I     Sine.      |    Co-fiu.    |   |  Tangent  )     C^-tmig.    | 
o  I  9-H3555  I  9-995753  I   I  9-H78o3  I  10.852197  |  60 


mm 


I 

2 

3 

4 
5 


9- » 44453 

9-H5349 
9.146243 

9.147136 

9048026 


9-995735 

9-9957«7 
9.995699 

9.995681 

9.995664 


9.148718 
9.149632 

9- '59544 

9i5»4S4 
9.152363 


10.851282 
10.850368 
10.849456 
10.848546 
10.847637 


59 
58 

55 


I 

9 

10 


9.148915 
9. 1 4980 1 
9.1C0686 
9.151569 
9.1 5245 1 


9.995646 
9.995628 
9.995610 

9-99559» 
9-995573 


9.153269 

9'54«74 
9.155077 

9.155978 

9.156877 


10.846731 
10.845826 
10.844923 
10.844022 
10.^43123 


54 
53 
5« 

5> 

50 


II 

9.153330 

9-995555 

9-»57775 

12 

9.154208 

9-995537 

9.158671 

»3 

9.1550S3 

9-9955 '9 

9.159565 

«4 

9-'55957 

9.995501 

9.160457 

»5 

9. 1 56830 

9.995482 

9.161547 

ia842225 
to.841329 
10.840435 
10.839543 
10.838653 


46 

4S 


I 


16 

«7 
18 

'9 
20 


9.157700 
9.158569 
9.159436 
9. 1 60301 
9.161164 


9-995464 : 
9-995446 

9*995427 
9.995409 

9.995390  I 


9.162236 
9.163123 
9.164008 
9.164892 
9.165773 


10.837764 
10.836877 
10.835992 
10.835108 
10.834226 


44 
43 
4* 
4« 
40 


21 

9.162025 

9-99537^ 

9.166654 

22 

9.162885 

9-995353 

9.167532 

23 

9- '63743 

9-995334 

9.168409 

24 

9.164600 

9.995316 

9.169284 

H 

9.165454 

9-995*97 

. 

9.170157 

26 

27 
28 

29 

30 


>  0-83  3  346 
10.832468 
10.831591 
10.830716 
10.829843 


9.166307 
9.167158 
9.168008 
9.168856 
9.169702 


9.995278 
9.995260 
9.995241 
9.995222 
9.995203 


9.171029 
9.171899 
9.172767 
9.173634 

9-«74499 


10.828971 
10.828101 
10.827233 
10.826366 
10.825501 


35 


34 
33 

3* 

3> 
30 


f   Co^Jim.    I      Sine.      |    |   C^^Ung.  \  Tangent.  |  M 


Degree  81. 


imm 


MM^ai 


i 


The  Table  of  Sines  and  Tangents. 

1 

Degree  8. 

1 

M 

1   Sine.  1  Cajhu.     \   \   Tangent.  |  atofig.    \       \ 

30  9.169703  1  9.995203  1  1  9.174499  j  10.815501 

30 

3« 
32 
33 
34 
35 

9.170546 
9.171389 
9,172230 
9.173070 
9-173908 

9.995184 
9.995165 
9.995146 
9.995127 
9.995108 

9.175362 
9.176224 
9.176084 
9.177942 
9.178799 

10.824638 
10.823776 
10.822916 
10.822057 
10.821201 

29 
28 

26 
*5 

36 

37 
38 

39 
40 

9'-»74744 
9.175578 

9.1764x1 

9.177242 

9.178072 

9.995089 
9.995070 
9.995051 
9.995032 
9.995012 

9.179655 
9. 180508 
9.181360 
9.182211 
9.183060 

10.820345 
10.819492 
10.818640 
10.817789 
10.816940 

H 

23 
22 

21 

20 

4« 
42 

43 
44 
45 

9.178900 
9.179726 
9.180551 
9.18137^ 
9.182196 

9-994993 

9-994974 

9-994955 

9-994935 
9.999916 

9.183907 
9.184752 
9.185597 
9.188439 
9.187280 

10.816093 
10.815248 
10.814403 
10.813561 
10.812720 

»9 

18 

17 
16 

»5 

46 
47 
48 
49 
50 

9.183016 
9.183834 
9.184651 
9.185466 
9.186280 

9.994896 
9.994876 

9994857 
9.994838 

9.994818 

9.188120 
9.188957 
9.189794 
9.190629 
9. 1 91 462 

10.811880 
10.811042 
10.810206 
10.809371 
10.808538 

«4 

>3 
12 

11 

10 

5* 
53 
54 

55 

9.187092 
9.187903 
9.188712 
9.189519 
9.190325 

9.994798 

9-994779 

9-994759 

9-994739 
9.994719 

9.192294 
9193124 
9.193953 
9.194780 
9 195606 

10.807706 
10.806876 
10.806047 
10*805220 
10.804394 

9 

8 

I 

5 

56 
58. 

60 

9.191130 
9.191933 
9.192734 

9»93534 
9.194332 

9.994699 
9.994680 
9.994660 
9.994640 
9.994620 

9.196430 
9.197253 
9.198674 
9.198894 
9.199712 

ia8o3569 
10.802747 
10.801926 
10.801106 
10.800287 

4 

3 

2 

1 
0 

1  Ctf.>w.  1   Sine.   1  1  G'taiig.   |  T«ngeQt.  |  m| 

^^^ 

I^ 

rce  8i.                 1 

"The  Table  of  Sines  and  Tangents, 

Degree  9. 

M  1   Sine.   |  Co-Jme.     \    \   Tangent.  |  Gf-taag,    \ 

0  1  9.194332  1  9.994620  1  1  9.199712  1  10.800287  1  ^ 

I 

2 

3 
4 
5 

9.195129 
9.195925 
9.19&718 
9.197511 
9.198302 

9.994600 
9.994580 
9.994560 
9.994540 
9.994519 

9.200529 
9.201345 
9.202159 
9.202971 
9.203782 

10.799470 
10.798655 
10.797841 
10.797029 
10.796218 

59 
58 

'^ 

55 

6 

7 
8 

9 
10 

9,199091 
9.199879 

9.200666 

'9.201451 

9.202234 

9-994499 

9-994479 

9-9944W 
9.994438 

9.994418 

■ 

9.204592 
9.205400 
9.206207 
9.207013 
9.207817 

10.795408 
10.794600 
10.793793 
10.792987 
10.792x83 

54 
S3 
52 
S' 
50 

II 
12 

»5 

9.203017 
9.203797 
9.204577 
9.205354 
9.206131 

9.994398 

9  994377 
9-994357 
9994336 
9.994316 

9.208619 
9.2094^0 
9.210220 
9.21 1018 
9.211815 

10.79L38X 
xo.  790580 
X  0.789780 

10.788982 

X  0.788x85 

49 
48 

47 
46 

45 

16 

»7 
18 

»9 
20 

9.206906 
9.207679 
9.208452 
9.209222 
9.209992 

9.994295 

9-994274 
9.994254 

9994233 
9.994212 

1 

9.2x2611 

9.213405 
9  2x4198 
9.214989 
9.215780 

10,787389 
X0.786595 

10.785802 
10.7850x1 
X  0.784220 

44 
43 
4* 
4» 
40 

21 
22 

23 
24 

25 

9.210760 
9.2x1526 
9.2 1 2291 
9.213055 
9.213818 

9.994191 
9.994171 
9.994150 
9.994129 
9.994108 

9.216568 
9.217356 
9.218142 
9.218926 
9.219710 

10.783432 

X  0.78  2644 
10.781858 
10.781074 

X0.780290 

39 
38 

36 
35 

26 

27 
28 

29 

30 

9.214579 
9.215338 
9.216097 
9.216854 
9.217609 

9.994087 
9.994066 
9.994044 
9.994024 
9.994003 

9.220491 

9.221272 
9.222052 
9.222830 
9.223607 

10.779508 

10.778728 

10.777948 

X  0.777 1 70 
X  0.776393 

34 
33 
32 

3» 

30 

I  Co'Jiw     1   Sine.   |  |  Co-ton^:,    |  Tangent.  '|  M 

Degree  80. 

The  Tahk  of  Sines  and  Tangents. 

Degree  g. 
M  I      Sine.     )    Co-Jme.    \    \  Tangent.  |     Co-tang,    \ 


30  I  9.217609  I  9.994003  I    I  9.223607  |_ 


?;Z7?i93 J  35 


AiMta 


3' 
32' 
33 
34 
35 


9.218363 
9.^19110 
9.219860 
9.220618 
9.221367 


9.993981 
9.993960 

9-993939- 
9.993918 


9.224382 
9.225156 
9.225929 
9.^26700 
^9.'22747i 


0.775618 
0.774844 
0.774071 
0.773300 
0.772529 


28 

27 
26 

25 


36 

9.22ZI15 

9.993875 

9.228240 

37 

.9.222861 

9-993854 

9.229007 

3» 

g,22^6o6 

9.993832 

9.t29774 

39 

9,224349 

9.993811 

9.230539 

40 

9.225092] 

9.993789 

K 

9.231302 

4» 

4« 
43 
44 

11 


0.771760 
0.770993 
20.770226 
0.769461 
0.76869^ 


JUBM 


9.225833 
9.226573 
9.227  jif 
9.^8648 

2.228784 


9.993768 
9.993746 
9.993725 
9.993703 
9.993681 


9.232065 
9.232826 

9.233586 

9-234345 
9.235103 


0.767935 

€^7671 74 
0.766414 

0.765655 

0.764897 


23 

22 

21 

20 


8 

7 
6 


46 

47 

49 

SO 


5» 

S4 
Si 


9.239518 
9.236252 
9.230984 
9.231715 
9>ijg444 


9.993660 
9.993638 
9.993616 

9-993594 
i:99357i 


9.235859 
9.236614 
9.237368 
9.238120 
9.238872 


0.764141 
0.763386 
0.762632 
0.761880 
0.761128 


9.233173 
9.233899 
9.234625 

9-235349 


9.993550 
9.993528 
9.995506 
9.993484 
9.993462 


9.239622 
9.240371 
9.241118 
9.241865 
9.242610 


0.760378 
0.759629 
0.758882 
0.758135 
0.757390 


4 

3 

2 

I 

o 


9 
8 

I 
i 


J7 
58 


9.236795 
9.237515 
9.238235 
9.238952 


9.993440 
9.993418 
9.993396 

9-993374 
99933  g' 


9-243354 
9.244097 

9.244839 
9-245579 


0.756646 
0.755903 
0.755161 
0.754421 
0.753681 


4 

t 
I 
04 


I    C<^-^r.    I      Sine.      I    I    Co-tang;,    \  Tangent.   I  M 


b 


Jjegivc  8o. 

rrr 


i^* 


t> 


The  TabU  of  Sines  and  Tangents* 

Degree  lo. 

M  1  Sine.   |  G-/»r.  |  |  Tangent.  |  Co-tang.    | 

o  1  9.239670  1  9.99335^  1  1  9H63«9  1  X0.753681  I  60 

1 

9.240386 

9.993329 

9.247057 

10.752943 

59 

z 

9.241 1 01 

9.993307 

9-247794 

10.752206 

58 

3 

9.241814 

9993284 

9.248530 

10.751470 

57 

4 

f^z^z^zt 

9.993262 

9.249264 

10.750736 

56 

± 

9H3«37 

9.993240 

9.249998 

10.750002 

55 

6 

9-H3947 

9.993  u  7 

9.250730 

10.749270 

54 

7 

9.244656 

9-993»95 

9.251461 

10.748539 

53 

8 

9.245363 

9.993172 

9.252191 

10747809 

52 

9 

9.246070 

9.993149 

9.252920 

10.747080 

5» 

10 

9.246775 

9.993127 

9.253648 

10.746352 

50 

II 

9.247478 

9.993104 

9^54374 

10.745626 

^ 

la 

9.248181 

9.993081 

9.255100 

10.744900 

13 

9.248883 

9.993059 

9.255824 
9256547 

10.744176 

+? 

14 

9.249583 

9.993036 

10743453 

46 

15 

9.250282 

9.993013 

9.257269 

10.742731 

45 

16 

9.250980 

9.992990 

9.257990 

,  10.742010 

4+ 

«7 

9.251677 

9.992967 

9.258710 

10.741290 

43 

18 

9.252373 

9.992944 

9.259429 

10.74057  & 
'0.739854 

4» 

»9 

9.253067 

9-992921 

9.260146 
9.260863 

4> 

20 

9.253761 

9.992898 

10.739137 

40 

21 

9254453 

9.992875 

9.261578 

10.738422 

39 

22 

9-255»44 

9.992852 

9.262292 

10.737708 

38 

«3 

9.255834 

9/992829 

9.263005 

10.736995 

37 

24 

9.256523 

9.992806 

9.263717 

10.736283 

36 

25 

9.25721 1 

9.992783 

9.264428 

10.7^5572 

3S 

26 

9.257898 

9.992759 

9.265138 

10.734862 

34 

27 

9.258583 

9.992736 

9.265847 

10.734153 

33 

28 

9.259268 

9.992713 

9.266555 

>o.733445 

3» 

29 

9.«995i 

9.992690 

9.267261 

10.732739 

3« 

30 

9.260633 

9.992666 

9.267967 

10.732033 

30 

1  Ghjifu.    1   Sine.   |  |  Co-fmig.   | 

Tangent.  | 

M 

Degree 


79- 


i 


The  Taile  of  Sines  and  Tangents. 

Degree  lo. 
M  I       Sine.      |    Co-Jlne,    |    |   Tangent.  |    Co-tang.    \ 
30  I  9.260633  I  9.992666  I    I  9.267967  I 


3 

3* 

33 

34 

35 


9.261314 
9.26x994 
9.262673 
9.263351 
9.264027 


9.992643 
9.992619 
9.992596 
9.992572 
9.992549 


9.268671 
9.269375 
9  270077 
9.270779 
9.271479 


0.732033  I  30 


0.731329 
0.730625 
0.729923 
0.729221 

0.728521 


*9 

28 

27 
26 

25 


36 

37 

38 

39 
40 


9.264703 
9.265378 
9.266051 
9.266723 
9.267395 


9.992525 
9.992501 
9.992478 
9.992454 
9.992430 


9.272178 
9.272876 

9-273573 
9.274269 

9.274964 


0.727822 
0.727124 
0.726427 
0.725731 
0.725036 


*4 

23 
22 

21 

20 


4» 

42 
43 
44 
45 


9.268065 
9.268734 
9.269402 
9.270069 

9-^0735 


9.992406 
9.992382 

9*99*359 
9.992335 

9.9923  u 


9.275658 
9,276351 
9.277043 

9-277734 
9.278424 


0.724342 
0.723649 
0.722957 
0.722266 
0.721576 


»9 
18 

>7 
16 

ii 


46 
47 
48 
49 
50 


9.271400 
9.272063 
'  gl  272726 
9.273388 
9.274049 


9.992287 
9.992263 
9.992239 
9.992214 
9.992190 


9.279113 
9.279801 
9.280488 
9.281x74 
9.281858 


0.720887 
0.720x99 
0.719512 
0.718826 
0.718142 


«4 

»3 

»2 
II 
10 


5» 
52 
53 
54 
55 


9.274708 
9.275367 
9.276025 
9.276681 

9-277337 


9.992166 
9.992x42 
9.992x18 
9.992093 
9.992069 


9.^8^542 
9.283225 
9.2S3907 
9.284588 
9.285268 


0.717458 
0.716775 
0.7  J  6093 
0.715412 
0.714732 


9 
S 

7 
6 


56 

57 
58 

I? 


9.277991 
9.278645 
9.279297 
9.279948 
9.280599, 


9.992045 
9.992020 
9.991996 
9.991971 
9.991947 


9.285046 
9.286624 
9.287301 
9.287977 
9.288652 


0.714053 
0.713376 
o.7i;t699 
0.712023 
Q.711548 


4 

3 

.2 

1 

o 


1    G^/»/.    I      Sine.     |    |   G?-/^j'.    |   Tangent.    [  M 

'  '         I 

Degree  79. 

rrn 


•¥■ 


Thf  Table  of  Situs  mi  TatigenU. 

IJCffCC   1 1. 


. 


^n^ 


( 


M  I      Sine.     {    C^>r.    {    I  Tangent.  ^    C^^a^.    | 


o  I  9.280599  I  9.991947  I    1  9-2^8652  I  10.71 1348  I  60 


I 

z 

3 

4 
5 


9.281  Z49 
9.281897 
9.282544 
9.283190 
9.283836 


9.991922 
9.991897 
9.991873 
9.991848 
9.991823 


9,289326 
9.289999 
9.290671 
9.291342 
9.292013 


0.710674 
0,710001 

0-709329 1  57 
0.708058  •  56 

0.707987  J  55 


7 
8 

9 

10 


9.284480 
9.285124 
9.285766 
9.286408 
9.287048 


9.991799 

9-99*774 
9.991749 

9.991724 

9.991699 


9.292682 
9.293350 
9.294017 
9.294684 

9-*9S349 


0.7073181 
0.706650  j 
0.705983 
0.705316. 
0.704651 : 


54 
53 
52 
S> 

50 


II 
12 

»3 
»5 


16 

17 
l8 

19 
20 


9.287688 
9.288326 
9.288964 
9.289600 
9.290236 


9.991674 
9.991649 
9.991624 

9-99'  599 
9-99' 574 


9.29601 3 
9.296677 
9.297339 
9.298001 
9.298662 


0.703987 
0.703323 
0.702661 1 
0,701999. 
0-70*^38 ! 


49 
48 
47| 
46; 

45: 


9.290870 
9.291504 
9.292137 
9.292768 
9.293399 


9-99»549 
9.991524 

9.991498 

9.991473 
9.991448 


'ar 


9.299322 
9.299980 
9300638 
9.301295 
9,301951 


0.700678 

a7ooozo 
0.6993  6;s 
0.69S705 
0.698049 


44 

43 

42 

4» 

40 


21 

9.294029 

9.991422 

9,302607 

22 

9.294658 

9-99»397 

9.303261 

23 

9.295286 

9.991372 

9-3039i4 

*4 

9-^9S9»3 

9.991346 

9.304567 

*5 

9.296539 

9.991 321 

9.305218 

0-697393 

0.690086 
o-69f*a3 

0.69478* 


39 

j6t 
35: 


26 

27 
28 

29 

30 


9.297164 
9.297788- 
9.298412 
9.299034 
9.299655 


9.991295 
9.991270 
9.991244 
9.991218 
9.991193 


9.305869 
9.^56519 
9.307168 
9.307816 
9.308463 


0.6941  |i 
0.693481 
0^^92832 
0.692484 
0.691537 


34 

is 

3« 
31 

30 


I   Co'Jlni.     I      Sine.     |  '|    Ghtatg.    \  Tangent.   f'Mf 


Degree  78. 


Xbir<Akcf  StooiKlTal^tiits. 

l^gne  II. 

M 1   sm^r]  a-:^,.  7  1  T^g»  1  c,^:  \ 

y> 

9.195655  19.991193,1   19.90846)1  10.691SW1U0 

V 

9.300276 

9.991167, 

,9.309109, 

10.690S91 

1> 

9.300895 

,9.9911+1, 

9-309754, 

10.6902+* 

J3 

9-30'S"4 

,9.99111s. 

,9-310399, 

10.688958 

34 

,9.3021  ja 

9,991090, 

9-5110+2, 

35 

9.302749 

.9,991064, 

9-31J685 

»6 

9.303364 

,9.991038, 

1  9-3"»;7l 

10.687673 

M 

17 

9303979 

.9-99  ">". 

9,312968 

10.68^052 

-*1 

1« 

9-3<'4»93 

,9.990986, 

9.313608 

10.686392 

.23 

» 

.9.305207 

9.99096° 

9-3 '4W 
9-3'*% 

10.685755 

21 

4" 

9.305819 

9.990934 

I0.6f,5jy 

^t 

♦1 

9.306430" 

9.990908 

9-315523 

10,68+477 

•v: 

+2 

fl.307041 

,9.990882, 

9.316159 

10,6828+1 

tjt 

41 

9.307650 

,999085s, 

9.J1679S 

10.683205 

■K' 

U 

.9.JO8259 

9.990829 

9-!"74!o 

10.682570 

It 

45 

.9.308867 

9,990803 

9.31806+ 

10.681936 

V 

46 

9-309474 

9.990777 

9.5I8697I 

10.681303 

u 

47 

9.31008.0 

9,990750 

9-3>9330 
9.319961 

10.680670 

V 

48 

9.310685 

9.9907?4 

10.680039 

i: 

«■) 

8.31 1'8S 

9,8eo697 

9-3««9' 

10.679408 
10.678.778 

II 

y 

,9.311893 

9,990671 

9.521.222 

\t 

r 

9?"»9S 

l-^i 

■  9-3»"«S' 

KOiO/oT^^ 

< 

■i 

,(« 

9.313097 

9VH'r} 
9.525106 

:i;a; 

0 

9.513698 

9-990S9' 

7 

w 

9.31+297 

9.990565 
9,990538 

9-3^^733 

io«76«67 

,ts 

9.3'4S97 

9,32+358 

Kw67j«42 

!« 

9-3'5495 

9.990512 

9.325607 

■ro.-675or7 

4 

(7 

9.516092 

9.990+Ss 

» 0*743  93 

' 

5» 

9.3,16689 

9990+58 

9.526231 

^°-S737^ 

J 

g 

9.31728+ 

9.990431 

9.3»6853 

10.673147 

1 

9.317879 

9.990+0+ 

9.3',747S 

io.67«5i; 

0 

1   &•>».   1     Sint    1  1  0-!^.  |Tw8«i'-  I'M 

■Defmrft. 

1      The  Table  of  Sines  and  Tangent. 

Degree  12. 

M  1   Sine.   |  <:(hfine.    \    \   Tangent.  |  U-ioBg.    \ 

0  1  9.317879  9-990404  1  1  9'3^7475  1  10.672525  1  6a 

I 

9-3«8473 

9.990377 

9.328095 

10.671905 

s? 

2 

9.319066 

9.9903  J I 

9- 3^87 « 5 

10.671285 

58 

3 

9.319658 

9.990324 

9329334 

10.670666 

^c 

4 

9.320250 

9.990297 

9.329953 

10.670047 

56 

S 

9.320840 

9.990270 

9.320570 

10.669430 

ss 

6 

9.321430 

9.990242 

9.331187' 

10.668813 

^  ^  rf^ 

54 

7 

9.322019 

9.990215 

9.331803 

10.668197 

S3 

8 

9.322607 

9.990188 

9.332418 

10.667582 

S« 

9 

9.323194 

9.990161 

9-333033 

10,666967 

5,' 

10 

9.323780 

9.9901 34 

I  9-333646 

10.666354 

SO 

• 

II 

9.3243^ 

9.990107 

9-.33+259 

1P.665741 

<§ 

12 

9.3*4950 

9.990079 

9-33487  ^ 

1 0.66c  129 

4? 

13 

9-325534 

9.990052 

9-335482 

10.664518 

47 

'4 

9.326117 

9.990025 

9.336093 

io.6639<^ 

46 

15 

9.326699 

9.989997  [ 

9,336702 

10.663^8 

4$ 

16 

t 

9.327281 

9.989970 

9.337311 

10.66^689 

44 

«.7 

9.3,27862 

9.989942 

9.337919 

10.662081 

43 

18 

• 

9-32844« 

9.989915 

9.338527 

10.661473 
10.660867 

42 

«9 

9.329020 

9.989887 

1 9-339' 33 

4» 

?o 

9.329599 

9.989860 

9-339739 

10.660261 

.40 

21 

9,330176 

9.989832 

9-34034jk 
9.340948 

LO,6£9656 

32 

22 

9.330753 

9.989804 

1,0^659052 

38 

^3 

9.331328 

9-9S9777 

9.341552 

10.658448 

^l 

24 

9.331903 

9-989749 

9-342155 

10^657845 

36 

25 

9.332478 

9.989721 

1  9-342757 

XO.657243 

3S 

26 

9.333051 

9.989693; 

9-343358 

10.656642 

34 

27 

9.333624 

9.989665 

9-343958 

10.656042 

33 

28 

9-334»95 

9.989637 

9.344558 

10.655442 

3* 

29 

9.334766 

9.989609 

9-345»S7 

10.654843 

3' 

30 

9-335337 

9.989581 

9-345755 

10.654245 

JO 

1  Co-foie,    1 

Sine.  1 

1  Co-tang,   1 

Tangent.  | 

^ 

Degree  77. 


The  table  of  Sines  and  Tangenfs. 

Degree  12. 

M  1   Sine.   |  C0-Jke.    |  |  TangeDt.  |  Ct-iaxg,    | 

30  1  9-335337  1  9-9895»»  1  1  9-345755  I  "0-654^45  1  30 

31 
32 

33 
34 
35 

9.335906 

9-336475 

9-337043 
9.337610 

9.338176 

9.989553 
9.989525 

9-989597 
9.989469 

9.989441 

\ 

9-346353 
9.346949 

9-347545 
9.348141 

9-348735 

10.653647 
10.653051 
10.652455 
10.651859 
10.651205 

29 
28 

27 
26 

25 

36 

H 
38 

39 

40 

9-338742 
9.339306 

9.339870 

9.340434 

9.340996 

9.989413 
9.989384 
9.989356 
9.989328 
9.989299 

9.349329 
9.349922 

9-3505H 
9.351 106 

9.351697 

10.650671 
10.650078 
10.649486 
10.648894 
10.648303 

24 

23 
22 

21 

20 

4» 
4* 
43 
44 
45 

9.341558 
9.342119 
9,342679 

9-343239 
9-343797 

9.989271 
9.989243 
9.98921J. 
9.989186 
9.989157 

9.352287 
9-352876 
9-353465 

9354053 
9.354640 

10.647713 
10.647124 
10.646535 
10.645947 
10.645360 

19 
i& 

16' 

»5 

46 

48 

49 
SO 

9-344355 
9.344912 

9.345469 

9.346024 

9.346579 

9.989128 
9.989100 
9.989071 
9.989042 
9.989014 

9.355227 
9.355812 
9.356398 
9.356982 
9.357566 

10.644773 
10.644187 
10.643602 
10.643018 
10.642434 

»3 

12 
II. 

10 

5> 

S3 
54 
55 

9-547 « 34 
9.347687 

9.348240 

934879* 
9-349343 

9.988985 
9.988956 
9.988927 
9.988898 
9.988869 

9.358149 
9.358731 

9-3593»3 

9-359893 
9.360474 

10.641851 
10.641269 
10.640687 
10.640107 
10.639526 

9 
8 

7 
6 

4 

3 

2 

t 
0 

56 

58 
60 

9-349893 

9-350443 
9.350992 

9.351540 
9.392088 

9.988840 
9.98881 1 
9.988782 
9.988754 
9,988724 

• 

9.361053 
9.361632 
9.362210 
9.362787 
9.363364 

10.638947 
10.638369 
10.637790 
10.637213 
10.636636 

1  Co'Jhu.    t   ^^ine*   1  1  Co'tang,  \   Tangent.  |  M 

Degree  77. 

rkTMi  ^Simaaira^ats. 

»P--J- 

M  1    S^     1   a^   \  1  T^ip..  1    (i-,.    1 

o  1  »«««  1  »,»t7H  1    1  „6,5<i,  1  ,o.6,«,6  1  6o 

z 
3 

4 

s 

9-354*7' 
9-3S4*'S 

9-9"57» 

9-36J94" 
»3'45'S 

»366.37 

■1*6,5485 
loJW'o 
■o*,43,6 
'1*633763 

59 
S» 

? 
55 

6 
9 

9-JSS!!» 
9-3H9"' 
9-356443 
»3!69*+ 
9-3S7SH 

9-9««54« 

Si 

9J)8«,1« 
9.988430 

9.,66«,. 
9.567,81 
9-367953 
9.368514 
9-369094 

10.6,3190 
10.6326,8 
10.631047 
,0.63,476 
,0.6,0906 

54 
S3 

5' 

5" 

II 

IZ 

«3 
■♦ 

9.)S«o64 
9-358603 
.9-35914' 
9-J59'79 

9.988401 
998837' 
9.988341 

'■'*!'" 

9.988181 

9.36966, 
9.3701,1 
9-370799 
9-371367 
9-371933 

,0.6,0337 
|».6.976« 

4) 

t6 
'7 

9-360751 
9-361187 
9.J6.8.J 
9-36*356 
9.36.8!, 

9.988.51 

9.9882.3 
9.^8,95 
9.988,6, 
9-988.33 

9-3730*4 
9.373619 

9-574'93 
9-374756 

io.6t7eoi 

.0.6.4,6 
,0.6x6371 
,0.6.5807 
10.6.5.44 

44 
4J 

4» 

,4* 
V 

3z 
23 

9-3634»» 

9-J65016 

9-565546 

9.988IO) 
9.988073 
9.98804, 
9.9880,3 
9.98798, 

9-375319 
9.37588, 
9-37644« 
9-37760, 
9-377563. 

10.6.4681 
10.6141,9 

io.6.,js« 
10.6.1997 
10.6M437 

36 

9-36607; 
9.!6<;6ot 

9-36r;32 
9.367659 
9-368185 

9-987955 
9.98783. 

9.37«iii 
9.S7868, 
9-379«!9 
9-379797 
9.3«oj54 

10.6M878 

ia.6.010, 
■0.61964^ 

54 
31 
J« 
»• 

3« 

1    C^.     1      SiM.      1    1    C,.im,. 

Tingent. 

M 

_ 

Degree  76. 

~ 

I 


niT  -*■ 


mutm^mttamm 


«H 


The  ^abk  of  Sines  and  Tangents. 


Degree  13. 


M  I      Sine.      |    Co-Jine.    [    |  Tangent.  |     atanf.    | 


30  I  9.36818J  I  9.987832  J    I  9.380354  1  10.619646  t  30 


3« 
3^ 
33 
34 
35 


.36 

3« 

39 

40 


9.36871 1 
9.369236 
9.369761 
9.370285 
9.370808 


9. 987*80 1 
9.987771 
9.987740 
9.987710 
9.987679 


9.380910 
9.381466 
9.382021 
.9-382575 
9.383129 


9.371330 
9.371852 

9-372373 
9.372894 

9-3734H 


9.98764Q 
9.987618 
9.987588 

9-987557 
9,987526 


9.383682 
9.384234 
9.384786 

9-385337 
9.385888 


0.619090 
0.618534 
0.617980 
0.617425 
0.616871 


29 
28 
27 
26 

25 


0.61631* 
0.615766 
o  615214 
0.614663 
0.614112 


24 
23 

22 

21 

20 


4» 
42 
45 
44 
45 


9  373933 

9- 3  7445  2 
9.374970 

9-375487 
9.376003 


9.987496 
9.987465 
9.987434 
9.987403 
9.987372 


9.386438 
9.386987 

938753^ 
9.388084 

9.388631 


d.613562 
6.613013 
0.612464 
0.611916 
0.611369 


'9 
18 

J7 
16 


46 

47 
48 

49 
50 


5* 

54 
55 


IS 

8 


9.376519 
9.377035 

9-377549 
9.378063 

9-378577 


9.987341 
9.987310 
9.987279 
9.9€7248 
9.987217 


9.389178 
9.389724 
9  390270 
9.390815 
9.391360 


0.610822 
0.610276 
0.609730 
0.609185 
0.6081640 


»4 

«3 
12 

II 
10 


9.379089 
9.3796or 
9,380x13 
9.380624 
9.381134 


9.987186 
9.987155 
9.987124 
9.98709^^ 
9.987061 


9.391903 

9.392447 
9.392989 

9-?9353» 
9.394073 


0.608097 
0.607553 
0.60701 1 
0^606469 
0.605927 


9 

8 

7 
6 

5 


rtpMi 


9.381643 
9.582152 
9.38266^ 
9.^83168 

9-y83^75 


9^87050 
9.986998 
9.986967 
9.986936 
9.986904 


g.394614 

9-595'54 
9.395694 

9,396233 

9.396771 


0.605586 
^.604846 
^.604506 
6.605767 
0.603229 


4 

3 

2 

I 


[    O;^,    I      Sine.      |    | 

Degree 

T 


Co-tan9. 


Tangent 


■fw? 


76. 

ST 


■^WPM^i—Tj   ly  I       ■ 


The  Table  if  Sines  and  Tangents. 


Degree  14^. 


M  I      Sine.      I    Co-Jme,    \    \  Tangent.  |     Co-taag,    \ 


o  I  9-38?67S  I  9-9^6904  I    I  9.396771  [ 


0.605229  I  60 


I 

2 

3 
4 
5 


9.3841 81 
9.384687 
9.385192 
9.385697 
9.386201 


9.986872 
9.986841 
9.986809 
9.986778 
9.986746 


9.397309 
9.397846 
9.398383 
9.398919 

9'399+SS 


0.602691 

0.60Z154 
0.601617 
0.601081 
0.600545 


59 

5? 

55 


7 
8 

9 
10 


II 
12 

"3 
»4 
»5 


16 

17 
18 

19 

20 


21 
22 
23 

24 
25 


9,386704 
9.387207 
9.387709 
9.388210 
9.388711 


9.986714 
9.986683 
9.986651 
9.986619 
9.986587 


9.399990 
9.400524 

9.401058 

9.40 1 59 1 

9.402124 


0.600010 
0.599476 
0.598942 
0.598409 
0.597876 


9.38921 1 
9. 3897  u 
9.390210 

9.390708 
9.391206 


9,986555 

9.986523 
9.986491 

9.986459 

9.986427 


T"^ 


9.402656 
9.403187 
9.403718 
9.404249 
9.404778 


0-597344 
0.596813 

0.596282 

0.5957s  ^ 
0.5952:^2 


9.391703 
9.392199 
9.392695 
9.393190 
9.393685 


9  986395 
9.986363 

9.986331 

9,986299 

9.986266 


9.405308 
9.405836 
9.406364 
9.406892 
9.407419 


0.594692 
0.594164 
0.593636 
0.593108 
0.592581 


9-394179 

9-394073 
9.395166 

9-39565« 
9.396150 


9.986234 
9.986201 
9.986169 
9.986137 
9.986104 


9407945 
9.408471 

9.408996 

9.409521 

9.410045 


0.592055 
0.591529 
0.591004 

0-590479 
0.589954 


54 
53 
5^ 

S« 

50 


49 
48 
47 
46 

45 


44 

43 

4* 

4» 
40 


39 
38 

36 
35 


26 
27 

[28 

[29 

50 


9.396641 
9.3971 31 
9.397621 
9.3981  II 
9.398600 


9.986072 
9.986039 
9.986007 
9.985974 
9.985942 


9.410569 
9.41 1092 
9.41 1 61 5 
9.412137 
9.412658 


0.589431 
0.588908 
0.588385 
0.587863 
0.587342 


34 
33 
3* 
3« 

30 


I    Co'faii.    (     Sine.      |    |   Co-toMg.   |  Tangent.    |  M 


Degree  75, 


-f-<- 


The  Table  of  Sines  and  TangetUs. 


Degree  14. 


M  I      Sine.    '  |    Co-fine.    \    \  Tangent.  | 


Co-iang,    I 


30  I  9.398600  I  9.985942  I  i  9-4>2658  I 


0.587342  I  30 


3« 
32 

33 
34 
35 


9.399087 

9-39957S 
9.400062 

9.400549 

9.401035 


9.985903 
9.985876 
9.985843 
9.98581 1 
9.985778 


9*41 3 1 79 
9.41 3699 
9.414210 
9.414738 
^.415257 


586821 
586301 
585781 
585262 

584743 


29 

28 

26 
25 


36 

9.401520 

9.985745 

9-4>5775 

37 

940S005 

9.985712 

# 

9.416293 

38 

9.402489 

9.985679 

9.416810 

39 

9,402973 

9.98564.3 

^.417326 

40 

9-403+55 

9.985613 

9.417842 

584225 

583707 

583190 

582674 

582157 


24 
23 

22 
21 
20 


4« 
42 

43 
44 
45 


46 

47 
48 
49 
50 


9.403938 

9-985580 

9.418358 

9.404420 

9-985547 

9.418873 

9.404901 

9.985513 

9-419387 

9.405382 

9.985480 

9.419901 

9.405862 

9.985447 

9.42041 5 

581642 
581127 
580613 
580099 

579585 


9,406341 
9.466820 

9.407299 

9-407777 
9.408254 


9.985414 

9.985380 

9-985347 
9.985314 

9.985280 


9.420927 

9.421440 
9.421951 

9.422463 

94^2973 


579072 
578560 
578047 

S77^Z7 
577026 


19 
18 

«7 
16 

'5 


»3 

12 

II 

10 


5> 

52 
53 
54 
55 


9.408731 
9.409207 
9.409682 
9.410157 
9  410632 


9.985247 
9.985213 
9.985180 
9.965 146 
9.985 1 1 2 


9.423484 

9423993 
9.424J03 

9.42501 1 

9.425519 


o 
o 
10 
o 
o 


576516 
576067 

575497 
574989 

574481 


9 
8 

I 


56 
57 
58 

60 


9.411106 

9.985079 

9.426027 

9.411579 

9.985045 

9.426534 

9.412052 

9.98501 1 

9.427041 

9.41252^ 
9.412996 

9.984977 

9427547 

9.984943 

9.428052 

573973 
573466 

572959 
572453 
57^947 


4 

3 

2 

I 
o 


I    Co-fine.    I      Sine.      |    ]    Co-tang,   \    Tangent.    |  M 

Degree  75. 


rfMM*i 


Tbi  tahk  of  Sines  and  TaMgenis. 


Pcfflee  ij. 


^tm» 


M  I     SiB».      I    Qhjbu.    I    I-  Tangent.  |     Co^t^mg.    \ 
o  I  9.412996  I  9.984944  I    I  9.4280^2  t  io.57»947  [  fe 


f 

a 

4 
5 


9.413467 
9.41 3938? 
9.41 440^ 
9.414879 

9-415347 


9.9849»o 
9.984876 
9.98484Z 
9.98480^ 

9.984774 


94b85|7 
9.42900^ 
9.429566 
9.420070 
9.426573 


7 
9 

9 
10 


11 
12 

»3 

»4 


16 

»7 
x8 

19 
20 


21 
22 

23 

24 

25 


9.415815 
9.416283 
9.41675I 
9.4I7217 
J.4I7684 


9.984740 
9.984706 
9.984672 
9.984637 
9.984603^ 


9431075 

9-43  »577 
9.432079 

9.432580 

9.433080 


^.418149 
9.41 861 5 
9.419079 
9.419544 
9.420007 


9.98456^ 

9-984535 
9.984500' 

9.984466 

9.984431 


' 


9.433580 
9.434080 

9-434579 
9.43507* 

9-43557^ 


9.420470 
9.420933 
9.421395 
9.421857 
9.422318 


9-984397 
9.984363 

9.984328 

9.984293 

9.984259 


9.436073 
9.436570 
9.437067 

9-4375^ 
9.438059 


9.422778 
9.423238 
9.423697 
9.424156 
9.424615 


9.984224 
9.984189 
9.984155 
9.9841 20 
9.984085 


9-438554 
9.439048 

9-439543 
9.440036 

9.440529 


26 

27 
28 

29 

30 


9.425073 

9-425530 
9.425987 

9.426443 

9.426899 


9.984050 
9.984015 
9.983980 
9.98394.5 
9.983910 


9.441022 
9.441 5 14 
9.442006 
9.442497 
9.442988 


0.571442 
0.570931 

^•57^434 
^•57995<>' 
<^-5794*7 


59 
5i 
J7 

5$ 


O15689B5 
0.568423 
0.567921 
0.5674S0 
0.5669C0 


54 
5> 

5« 

SO 


0.566419 
0.56599^ 

0.5654s  1 
0.564^^^ 

0^5^44*4 


49 

4» 

4? 
4^ 

45 


irfk* 


MB 


0.563927 

0.562+37 
».  561941 


44 
4J 
4» 
4« 
40 


d.561446 
a56o95a 
0.560457 

0-S599** 
0.5554^1 


39 

36 

3J 


%««- 


o.55897« 
0.558486 


0-557994    3» 
0.557505 

0.557011 


J? 

t  Carjini,    I      Sine.      1    j    Co-tmi.  \  Taignt.   }  M 

^      Degree  74.  ^ 


The  Takle  of  Sines  and  Tangents. 

Degree  t;. 

M  \     Stfle.     \   Co-Jme,    \  \  Tangenr.  \    Co-timg,    \ 
30  I  9.426899  f  9.983910  f  \  9.44298^1  fo.5570fl  f  J6 

-•■       *-  k -      : , . . . . . . ■ -     -  — 


3» 


9-427354 
g.427809 

9.428263 

9.428717 


;jS_9429i7o 
36 

3« 

39 

40  9.431429 


9.983875 
9.983840 
9.983805 
9.983770 

9-983735 


9-443470 
9.443968 

9.444458 

9-444947 

9-445435 


^0.55652* 
10.556031 

»o-555542 

^0*555053 

10.554565 


^9 
28 

27 
26 

is 


9.429623 
9.430075 
9.430507 
9.430987 


9.983699 

9.983629 

9-983593 
9.983558 


9-4459^3 
9.44641 1 

9446898 

9.447384 

9.447870 


10.554077 
10-553589 
10.553102 
10.552616 
10.552129 


«3 
U 

21 

20 


41 
142 

43 
144 

45 


9.43 1^70 
9.432328 
9.432778 
9.433226- 

9-433674 


9.983523 
9,983487 
9.983452 
^.983416 
9.983380 


9.448J56 
9.448841 
9.449326 
9.449810 

9.450294 


10.551644 
10.551159 
10.550674 
10.550190 
10.559706 


19 
18 

<7 

16 

»5 


46 
47 
48 
{49 
S^\ 


\  9-434''2i1 

f  9-983345 

■ 

r  9-450777 

9-4345^9 

9.983309 

9.451260 

9.435016 

9.983272 

9-45 '743 

9.435462 

9.98323S 

9.452225 

9-4359' 3 

9.983202 

9.452706 

ro.f4922j 
10.548740 
10,548257 

'0-547775 
10.547294 


'3 
12 

to 


S3 
54 

S6 
12 


9-436353 
9.436798 

9.437242 

9.437686 

9.438129 


9.983166 
9.983130 
9.983094 
9.983058 
9.983022 


9.453187 
9.453668 
9.454148 
9.454627 
9455107 


1 0.5468  r  J 
10.546332 
10.545852 
10.545372 
10.544893 


9 

8 

/ 

6 


i^iaAi 


9438572 
9.43901  A 
9.439456 

9-439897 
9.440338 


9.982986 
9.982950 
9.982914 
9.982878 
9.982842 


9.455586 
9.456064 
9.456542 
9.457019 

9457496 


10.544414 
10.543936 
10,543458 
1.0.542980 
10.542503 


4 

3 

2 

I 
o 


I    Co-Jtne,    f      Sine.      [    |    Co-tang.    \  Tangent.    |  W 

Degree  74. 


1 

The  Table  of  Stnes  and  Tangents. 

Degree  i6. 

M  1   Sine.   |  Co'Ji?:e,  '\    \   Tangent.  |  Co-tang.    \ 

0  1  9-440338  1  9-982842  1  J. 9.45749^  1  >0'542503  1  66 

t 

2 

3 
5 

9.440778 
9.441218 
9.441658 
9.442096 

9-442535 

9.982805 
9.982769 
9.982733 
9.982696 
9.982660 

9-457973 

9458449 
9.458925 

9.459400 
9-459875 

10.542027 
1 0.541 551 
10.541075 
10.540600 
10.540125 

5? 

SI 
$5 

6 

1 

9 
io 

9.442973 
9.443410 
9.443847 

9-4442^ 
9.444720 

9.982623 
9.982587 
9.982550 
9.982514 
9.982477 

9.460349 
9.460823 
9.461297 
9.461770 
9.462242 

10.539651 
10.530177 
10.538763 
10.538230 
10.537758 

54 
Si 

S» 

50 

II 

12 

»3 

:H 

»5 

9-445 » 55 
9.445590 

9,446025 

9.446459 

9.446893 

9.982441 
9.982404 
9.982367 
9.982330 
9.982294 

9-462714 
9.463x86 

9.463658 

9.464x29 

9.464599 

10.537285 
10.536814 
10.536342 
10.535871 
10.53540X 

45 

16 

»7 
18 

»9 

20 

9-447326 

9-447759 
9.448191 

9.448623 

9.449054 

9.982257 
9.982220 
9.982x83 
9.982x46 
9.982109 

9.465069 

9465539 
9.466008 

9-466476 

9.466945 

10.534931 
10.534461 
10.533992 
10.533523 
10.533055 

44 

4* 
4» 
40 

21 
22 

•23 
24 

25 

9.449485 
9.449915 

9450345 

9-450775 
9.451204 

9.982072 
9.982035 
9.981998 
9.98x961 
9.981923 

9-4674«3 
9.467880 

9.468347 

9.4688x4 

9.469280 

10.532587 
10.532120 
10.531653 
10.531186 
10.530720 

H 
38 

36 

35 

26 

27 
?8 

29 
30 

9.451632 
9.452060 
9.45 24S8 
9.452915 
9453342 

9.981886 
9.98x849 
9.981 812 
9.98x774 
9.98x737 

9.469746 
9.470211 
9.470676 
9.471x41 

9.471605 

10.530254 
10.529789 
10.529324 
10.528859 
10.528595 

34 
33 
3» 

3> 

30 

1  Co-fine.    1   Sine.   |  |  Co-tang.   |  Tangent.  |  M 

Degree  73. 

^be  Tabk  of  Sines  and  Tangents. 

Degree  16. 

M  1      Sine.     |    Co-fiu.    |       Tangent.  |    Co-tang.    | 
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The  Tabk  of  Sines  and  Tangents,. 

Degree  20. 


i 


M  I     Sine.      |    Ghjiw.     \    \  Tangent.. |    Co-im^.    | 
'^  I  9-534<>52  I  9.97*986  I    I  9.561066  I  10.438934  I  60 


( 


I 

2 

3 
4 
5 


9-534399 

9-534745 
9.535091 

9-535437 
9-535783 


9.972940 
9.972894 
9.972848 
9.972801 

9-97*755 


9.561459 
9.561851 
9.56224A 
9.562636 
9.563028 


1043854X 
10.438148 
10.437756 
10.437364 
10^436972 


6 

9.536129 

9.972709 

9.563419 

7 

9-536474 

9.97«663 

^.563811 

8 

9.536818 

9.972617 

9.564202 

9 

9.537163 

9.972570 

9.5^4592 

10 

9-537507 

^.972524 

■ 

9.564983 

10436580 
10.436189 

10.435798 
10.435407 
10.435017 


l^iw^ 


S9 
58 
57 
56 
55 


54 

53 

.5*. 

S« 


12 

»5 


9-537851 
9.538194 

9-538537 
9.538880 

9.539223 


9.972477 

9-97*43 « 

997*384 
9.972338 

9.972291 


9565373 
9.565763 

9.566153 

9.566542 

9.566932 


10.434627 

»Q^434?37. 
10.433847 

»o-433457 
10.433068 


16 

17 
t8 

'9 

20 


9-559565 
9.539907 

9.940249 

9.540590 

9.540931 


■^"■■^■" 


9.972245 
9.972x98 

9.97*  >  51 
9.97^105 

9.972058 


9.567310 
9.567709 
9.568097 
9.568486 

9.568873 


ia432679 
10.432291 
10.431902 
10.43151A 
10.431126 


21 

22 

*3 
*4 
«5 


9.541272 
9.541612 

9-541953 
9.542292 

9.542632  I 


9.97201 1 
9.971964 
9.971917 
9.971870 
9.971823 


*6 

^7 
28 

30  I 


9.569261 
9.569648 
9.560035 
9.56042^^ 
9.560809 


10.430739 
10.430351 
10.429964 
10.429578 
10.429191 


9.542971 
9.543310 

9543649 
9-543987 
9-5443*5 


9.971776 
9^71729 
9.971682 
9.97x635 
9.971588 


9.571x95 
9.57x581 
9.571967 

9-57*35* 
9.572738 


10.428805 
10.428419 
10.428033 
10.427648 
10.427262 


4^ 
4» 

4S 


44 
43 
4* 
4« 
4^ 


39 

38 

36 
35 


34 
33 
3* 

3' 

30 


I    Ch-fine.    I      Sine,      j    |    Co^fAng.   \    Tangent,    j  M 


Degree  69. 


i*^ 


*i 


\ 


The  Table  of  Sines  and.  Tangeftfs. 

1 

■     Degree  •20. 

M  1   Sine.  |  G>^.<  |  |  Tangent.  {  Ct-amg. .  | :  . 

30  [ 95443*5  1  9-97»5»8  |  |  9-S-727S8  1  10.427262  |  30 

3> 
S^ 

3J 

34 
35 

9.54466J 

9.54506© 

9-545338 

9-545674 
9.54601 1 

9-971540 
9.971493 
9.971446 
9.971398 
9.97T351 

9-573«3 

9-573507 
9.573893 

9.574276 

9.574660 

10.426877 
10.426492 
I0426L08 
10.425724 
10.425340 

129 

'.28 

.27 
26 

25 

36 

37 

38 

39 
40 

9-546347 
9.546683 

9.547019 

9-547354 
9.547689 

9.971303 
9.971256 
9.971208 
9.971161 
9.971113 

9-575044 

9-5754*7 
9.575810 

9.576193 
9-576576 

10.424956 
10.424573 
10.424189 
10.423807 
10.423424 

24 

23 
22 

21 

20 

41 
42 
4J 
44 

45 

9.548024 
9.J48358 
9.548693 
9.549027 
9.54^60 

9.971Q65 
9.971018 
9.970970 
9.970922 
9.970874 

9.576958 

9-57734* 

9-577723 
9.57810^ 

9.578486 

10.423041 
10.422659 
10.422277 
10.421896 
10.421514 

.*9 

18 

*7' 
i6 

*5 

46 

47 
48 

49 
50 

9-549693 
9*550026 

9-550359 
9.550692 

9.551024 

9.970826 

9-970779 
9.970731 

9.970683 

9.970634 

9.578867 
9.579248 
9.579628 
9.580009 
9^580389 

10.421133 
10.420752 
10.420371 
10419991 
10.419611 

*3 
12 

II 

10 

5' 
5^ 
S3 
54 
55 

9-55 « 355 

9.551687 

9.5^2018 

9-55*349 
9.552680 

9;970586 
9.970538 
9.970490 
9.970442 
9.970394 

9.580769 
9.581 149 
9.581528 
9.581907 
9.582286 

10.419231 
10.418S51 
(0.418472 
10.418092 
10.417713 

9 

;  8 
/ 

6 
5 

56 
57 
58 

60 

9.553010 

9-553340 
9,553670 

9.554000 . 
9-5543*9 

9.970345 
9.970297 
9.970249 
9.970200 
9.970152 

9.582665 
9.583043 
9.583422 
9.583800 

9.584177 

10.417335 
10.416956 
10416578 
10^416200 
10415823 

4 

3 
2 

I 

0 

|.  C«^.  1  .  itiae.  J  )  ,C»-^tmg.   |  Tangent.  "{"Ml 

. 

Doi 

V^ 

c  69.             —  J 

9)fcf  Ifaik  ff  Sims  smd  T^igms. 


■■  I »' 


Deg^ree  21. 


M  I      Sine,     j    G^/fiir.    |    |  Tai^oit  j    C^^m^    \ 


o  I  9y54S«9  I  9-97o«5*  I  1  9-5*4*77 1  io-4»s8««  1  5o 


I 

3 

4 
5 


9S5f4^5^ 
9-55^«7 
9-555S»S 

9-55597« 


9.970100 
9.97005c 
9.970006 

9909957 
9.969909 


»'5«4SS5 

9-S«493« 
9 


9.5-^5686 
9,586062 


'0.4IS445 
10415068 

10.414691 

10.414344 

10.413958 


59 
58 

5Z 
5« 

Si 


7 

8 

9 
«o 


9.55^ 
9Sy^5J 

9-557379 
9.557606 


9.969860 
9.96981 1 
9.969762 

9-9^7 « 3 
9.969665 


9.586439 
9.586815 
9.587190 
9.587566 

9-5^794« 


1041 3561 
10.413185 
10^412810 
10412454 


Si 

Si 

5« 


*m 


ia4iao59|  CO 


9^557932 
9.558258 

9.558583 

9.558909 

9-559234 


9.969616 
9.969567 
9.969518 
9.969469 
9.969419 


9.586316 
9.588691 
9.589066 
9.589440 
9.589814 


10.411684 
10.411309 

10.410934 
10.410560 

<Oi4toi65 


♦I 


7 

8 

9 
to 


9-5S9SS8 
9.559883 

9.560307 

9.560531 

9.560855 


9.969370 
9.969321 
9.969272 
9.969223 
9.969173 


9.590188 
9.590561 

9'S9«93J 
9.$9i|o8 

9.591681 


10^409812 

10409438 
f0;409065 
10408692 
10408319 


44 
41 
4* 
4< 
4« 


21 

22 

23 

«5 


9.561178 
9.561501 
9.561824 
9.5621^6 
9.562408 


9.9691 24 
9.969075 
9.969025 
9.968976 
9.968926 


9.59205X 
9.592426 
9.592798 
9.593170 

9-59354« 


10.407946 
10.407574 
10.407201 
10.406829 
10.406457 


3» 

1} 


9.562790 
9.563112 

5^3433 
5$S754 
564075 


9.968877 
9.968827 
9-968777 
9.968728 
9.968678 


9-5939H 
9.594285 

9.594656 

9.595027  j 

9-595397 1 


10.406086 
10.405715 

«o^S344 
10.405073 

io.404602 


34 
3} 
3* 

31 

3* 


C^^JSiu.   ]     Sme.     \   |  C^-mtg.  \  Ttngcnt.   \  M 

]/0|^M6  o8. 


^be  Tahle  of  Sines  and  tangents. 

Degree  Ji. 

Mi      SiB..      1     C,.>,.     1    1  T.Dgmt.  1     (,../•»,.     1 

jo  i  s-jii^TS  J  9-96«fr78  1    1  <l.s«397 

1 10.404602 1 30 

ti 

5.5645961  9^62Bj 

9595768 

ii  0.4.0+1  J  a 

29 

l» 

»s647l6    99<*S78 

9.S96J38 

J  0,403862 

<t 

9.565036  J  9.96*518} 

p.596508 

J  0403492 

27 

U 

9.!6S5J6 .  9.968478 

9.596878 

^0.403,12 

)I 

9.565675;!  9.968428  J 

9S9724? 

^0.402753 

^5 

(4 

9.5^5995. 

9.96S378 

■9-597616 

10.402384 

24 

i1 

9.566314 

15963328 

9-597985 

10.40201: 
10.401640 

23 

9» 

9.56663. 

6-9683-7^ 

J9-S953S+ 

21 

!|l 

9S^Sf 

19.9682x3 

9-59872? 

10.401277 

fi 

49 

9.567269 

,9.963, 7« 

i9-S«909.' 

10.400909 

20 

4< 

9  S^Tsh 

9.968J  z8  , 

19-599459 

10.400541 

:? 

4^ 

9.567904 

e.96«07«: 

(9-.599»»7 

19.400173 

« 

9.568224; 

.9.399S06 

'7 

4« 

9.56*53, 

i9'6<»5^2 

*5 

9.568855; 

,9,9679*7 

,9..6«o9i9,!  ip.399071 

'S 

♦« 

956,17. 

e.9^7S7^. 

,9-691295, 

10.398704 

47 

9.569488 

fl.9f7««6. 

,9^1662 , 

10.598337 

>} 

*» 

9.569804 

r9'9*77f.f. 

•9            > 

'P-39797' 
ip.  3.97605 

*> 

j-sroifo 

.9-9*77«!. 

9 

SO 

9-170455 

9.96767+ 

9 

10.397239 

10 

«' 

9.570751 

9-9^^3 

,9-^5 '«?■ 

.0.J9687, 

9 

« 

9.^71065 

9-9*7173 

,9-*>*«3' 

10.396507 

» 

«< 

9.57"  jSo 
9-!7«9S 

9-967512. 

,9^j8f8, 

10.596142 

-7 

M 

9.967+?! 

9-6p*"M 

'P.195777 

6 

« 

9-ltK^ 

9.9674M 

9'6045*8 

io.j954'.2 

5 

5«l 

i:?;:i;s 

9.96?J70 

.9-6oi955 

i<P-894683       3 

9.967  jj  9 

j.g5s: 

^«    ■9-5F««« 

9-967  «68 

^9-5943^,8      > 

«!  9SP5»'3 

9.967M? 

9.6060^ 

"^■39395*      ■» 

^-  ^smn 

9.967.66 

9.6064J0 

U..393S90      f> 

1  <&:*..    1     Si>.      1    1    C««i.  1  T«.g»..|  M| 

l>.»~6«.                                    J 

[1 

J] 

Tbt  Tailt  ef  Sua  and  tai^Ms. 

Dqjree  zi. 

M  1     Sim.    .  1    Cfia.    1   1  Tmgent.  |     C-Mf.     | 

»  1  9S73S7S  1  9  9'7i«  1    I  9606409  |  10.395590 1  60 

3 

+ 
S 

9.573888 

9.574200 
9.574512 

9.57482+ 
9'S7S'35 

9.96;iis 
9.967064 
9.967012 
9.966961 
9.966910 

9.606773 

9          36 

\     S 

9          =! 

10.39,2.7 
10.39.863 
10.39.500 
10.392137 
10.391774 

It 
55 

6 

I 

9 
10 

9-S7S447 
9.576068 
9-576379 

9.576689 

9.966859 
9.966807. 
9.966756 
9.966705 
9.966653 

9.608588 
9.608950 

9.609674 

9.600036 

10.391412 
10.39,050 
10.390688 
10.390326 
10.399964 

54 
S3 
5' 

S" 
50 

11 
12 

'3 
14 
'S 

9-576999 

9.577309 
9.577618 

9-5779*7 
9.578136 

9.966602 
9.966550 
9.966499 
9.96644, 
9.966395 

9.610397 
9.610758 

9.611,,, 

9.6,, 480 
9.61,841 

10.389603 
10.389241 
10.3S8880 
10.388520 
10..881S9 

49 
4« 
47 
46 
45 

16 
>7 
18 
'9 

9-578545 

9-578853 
9.579161 
9-579469 

9.579777 

9.966344 
9.966.92 

9.966.36 

9.6,2301 

9.612561 
9.6,292, 
9,6,3.81 
9.6,364, 

10.387799 
10.387438 
10.J87078 
10.386719 
10.386359 

44 
45 
4« 
♦> 
4i> 

P 
3^ 

21 

2+ 
25 

9.580084 

9.S81005 
9.581511 

9.966084 
9.96603  a 
9.965980 
9.965988 
9.965876 

9.614009 
9.614359 
9.614718 
9.615077 
9-615435 

1D.386000 
10.J85641 
10.385.8. 
10.5849.3 
10.384565 

26 

27 

18 
29 
30 

9.S«i6j8 
9.581923 
9.582a;9 
9.582534 
9.582840 

9-965824 

9-965772 

9-965  72» 

9.965668 
9.965615 

9.615793 
9.616151 
9.616509 
9.616867 

9.617..4 

10.384207 
10.38384J 
10.383491 
10.583155 
10.382776 

34 

33. 

3" 

10. 

1    w->-f.    1      Hmc     1    1    C^-v. .  t  TMRcnt.   1  M  1 

^ 
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The  Table  of  Sines  and  Tangents. 


Degree  zz, 
m]      Sine.,     |    Co-Jme.     |  J"  Tangentri   "&->^^.^I 


30  I  9.582^40]  9.9t>56i5]'y9."6i7'224T  10.382776  \  y> 


5» 

33 
34 
35 


36 
37 
38 
39 

if. 

4« 

4^ 

43 

44 

45 


46 

47 
48 
49 
50 


5» 
5* 
53 
54 
55 


56 
57 
58 

60 


9^585 « 44 

9*5.83449 

9-583753 
9^584058 

584361 


9 
9 
9 
9 


9 
9 
9 
9 


9 

9 
9 
9 
9 


9 
9 
9 
9 
9 


9.9^5563 
9,965511 
9.965458 
9.965406 

9-965353 


9.517581 
9.617938 
9.618295 
^.618652 
9.619008 


584665 
584968 
585271 

585574 
585877 


9.96530X 
9.965248 
9.96^-195 
9.965143 
9.965090 


9.619364 
9.619720 
9.620076 
9.620432 
9.620787 


586179 
586481 
586783 
58708c 
587386 


9.965037 
9.964984 
9.964031 
9.964878 
9.964825 


g.624142 
9621497' 
9.621852 
^.622206 
9.JS22561 


9.587687 
9.587988 

588289 
9.588589 

588890 


9.964772. 

9.964719 

9.964666 

$.964613 

9.964560 


9.622915 
9.623269 
9.623623 
9.623^76' 
9.624330 


589100 
589459 

589789 
590088 

590387 


9.964507 
9.964454 
9.964400 
9.964347 
9.964294 


9.624683 
9.625036 
9.625388 
9.625741 
9  626093 


590686 
596984 
591282 
591580 
591878 


9.964240 
9.964187 
9.964433 
9.964080 
9.964026 


9.626445 
9,626797 
9.627149 
9,627501 
9.627852 


o.3824iS 
0.382061 
0.381705 
0.3^1348 
o.3So99i 


0.386635- 
o,j8o279 

0-379924. 
0,379568 

0.379213 


0,378858 
0.378503 
0,378148 

0-377793 
0.377439 


0.377085 
0.376731 
0.376377 
0.376024 
0.375670 


0,375317 
6.374964 
0.374612. 
0.374259 
0.373907 


0-373555 
0.373203 

0.372850 

0.372499 

6.372148 


29 

2*8 

^7 
i6 

-24 
23 

22 
21 
20 


5. 

« 

4 

3 
2  I 


I 

7 
6 

5 


4 

3 

2 

I 

o 


\    Co-fim.    I  .  Sine.   |  \    Co-4ang.    \   Tfingent.  (.  M 

Degree  67. 


•*•«■ 


rsTTT 


;M  I      Sine.     I    G^'/Iki,    \    \  Tangdni.  |    Co^ut^.    \ 


o  I'  9.j9iS7^  I  <).^402<  I   I  9.6278;^  I  i«'.37<t4«  \  te 


' 


«a 


'tbn  fakk  tif  Sims  and  tangewU. 
IMgoees^ 


I  9.i92<?j 
i  ^•$94473 
I  ,9-$9«77o| 


4 


9.59}o«^ 


I  ♦•96}97i 
f96>3om 

6.96j«fis 

9.^^J7 


9.6tWj4 


*1?i79f 

*f7>44* 


*ir»«M  I « 


AJW4+ 
<*t7<'>94 


i9 


16 


7 

V 

9 

io 


ti 

m 

iz 

H 

'5 


id 


21 

iz 

24 
*5 


i6 
29 

JO 


9-S9i6j9 

gi-S93$55 
9.59+251 

9-594547 
.  9- 59484* 


♦•9*3703 
9.963056 

$.963^96 

9.963542 

9.96348S 


,-6^9956 
^.630300 

9.6^0655 

9.63i«»j 

:  1 9.631354 


<»-3t»44 
0.369694 

«*-36?344 
*.36%J 


J4 


#< 


9-S95>37 

9-595432 

9-5957«7 
9.596021 

9- 5963 « J 


$•9*3433 

9-9*3379 

9-9*33*5 
9.963271 

9-9*3«»7 


$-*3'7«4 
9.632oi5'3 

9.63  i+M 

9.632750 

9.63309t 


6^36^296 

d.3e754t 

*-3*t59* 
a.3i67«$6 

o.36o^i 


9.59^610 

^.597196 
^.597490 

g-5977«3 


^.96^10^ 
^.963109 
9.963054 
^.96^999 
9.96294J 


*-633y^ 

f*34«4j 
i.634496 

9.6J483S 


6.3^6$$} 
<fr.3^«5f 


^,$98075 
9.J98368 
•9.598&66 
9:598952 
9.J99144 


9.962890 
9.96^836 
$.96«78l 
9.962^26 
^.96^672 


9.6j5i^5 
9.635532 
9.63ct7Qr 
9.&36«2!6 
$.6365^4^ 


6.^6^1 1 
6.364461 
6^.3641^1 

d.36j^H 
6.i6t4ftt 


9.599536 
9.599827 
g.6ooii8 
9.600409 
g.600700 


9.962617 
9.962562 
9.962507 
9.962453 
^.962398 


9.6369^8 
9.6372^5 
9.63761^ 

9.&37956r 
$.638302 


0.363^8! 
d.36«73j 
a36tj8^ 
0.36x644 
0.36169^ 


I    Co'fine.    \      Sine.     |    |    Co-tatt^.   \  Tangent.    (  AT 


Degrcfe  66. 


VV^'S- 

— 

n 

Siffi. 

C^M    \  \  T«^C  \    C^fMg. 

■ 

i 

1 

5 

4 
3 

* 

0 

1 

I 

s 

(■ 

9.606750 

9.961235 

9.645^16 

(a.  154+84 

(! 

9.60^036 

9.961179 

9.645857 

3S4'4" 

(I 

9.6oyu2 
9.607607 

10 

353801 

» 

9.961067 

10 

1514*6 

!! 

9.fio7S9a 

9.96  lOI  I 

9.646S81 

10 

353119 

(« 

9.608176 

9.96095  s 

9.647  22» 

le 

JSV?^ 

?? 

9.60S46J 

9.960S99 

9.647  s6  3 

10 

JS^+38 

(« 

9.6oS;« 

9.96084a 

9.64790; 

10 

352097 

II 

9.609OZ9 

9.960786 

9.6+8:142 

!S'7S7 

9609J13 

9.950730 

9.648583 

.0.JS.417 

C.U. 

Sine,      f    [    C-i^g. 

TargcM. 

M 

lj.«r«,  66.                                       1 

The  Table  of  Sim  and  f  anient!. 

Degree  24. 

M  1      Sine.      1    C..>,.    |    |  Tuigeit.J    &<««.    j 

0  1  O.fcWJ  1  9-96°73o  1    1  9'48s8iJ  ">%i\i'7  i<". 

9.610163 
9.610446 
9.610729 

9.960674 
9.960617 
9.960561 
9.960505 
9.960448 

9.64*923 
9'      '■! 

9              >2 

9          P 
9   .      >■ 

10.351077 
10.350737 
10.350398 
10.350058 
10.349719 

10 

9.6110,. 

9.611576 
9.611858 
9.6.2140 

9.960392 
9.960335 
9.960279 
9.960222 
9960165 

9.650620 
9.650959 
9.651297 
9.651636 
9-«S"974 

■  0,349380 
10.349341 
io.j4»ros 

10.S4J364 

10.34^26 

54 
53 
5= 
5" 
50 

9.612421 

9.61  2?02 
9.612983 
9.613264 
9.613545 

9.960109 
9,960052 

9-9S999S 
9-9S993' 
9.959881 

9.65.512 
9.652650 
9.652988 

10.347688 
10.347350 
10.34761a 
10.346674 
10.346337 

4S 

9.613825 
,.614105 
9.614385 
9.614665 
9.614944 

9-9S98H 
9.959768 
9.959710 

99S96J3 
9.959596 

9.654000 
9-^54337 
9,654674 
9.655011 
9.655348 

■0-345999 
,0.345662 
10,345525 
10.344989 
10.344652 

44 
43 
4« 
4' 
40 

9.615223 
9.615502 

9.616060 
9.616338 

9-959539 
9.959482 

99594*5 
9-959367 
9.959310 

9.655684 
9.656020 
9.656356 
9.656691 
9.657028 

10.344316 
10,343980 
10.34364, 
,0.34330a 
10.342972 

P 
35 

9.616616 
9.616894 
9.617172 
g.617450 
9.617727 

9-9S9«S3 
9-959'95 
9.959138 
9959080 
9.959023 

9.657363 
9.657699 
9.658034 
9.658369 
9.658704 

,0.342636 
10.34230, 
10.34,966 
10.34,53, 
,0.34,296 

34 
33 
3» 
3' 

30 

1    ajh,.     1      Sine.      1    1    a-l^.    1  Tingene.  |  M 

Degree  65. 

T^be  T'alfU  of  Sim  and  tan^enfs. 


Degree 


M  I      Sine.     |    Co-Jiue.    |    |  Tangent.  |     Co-toftg.    ) 


30  f  9.6177^7  I  ^.959023  I    I  9'.6s8704  I  10,341296  I  30 

■       ■  ■  -  -r— 1  M»^«-  — >  "  '       '  r  I 


3S 

34 

35 


9.61 8po4 

9.6i83i8r 

9.6i8.j^j8< 

9.6f8»34 

9.619110' 


9,^58965 
9.958908 
9.958850 

9'95«734 


37 

39 

40 


$.6^93^6 

9.619662^ 

9.619938* 

9.62041^1 

9.62048S 


9-958677  I 
•9.958619  I 
9.958^61 
.9,958503 

9*958445 


4« 
4» 

43 
44 
45 


9.620763 

9,62103^: 

9.621313 

9.621587: 

9.62x861* 


'9*958387 

9^583*9 
9.958271 

9.958212 

9.958154 


46 

47 
48 

49 

50 


9.622(55: 

9.6226821 
9.62295^ 
9.623229 


9.958096 
9.9580)8 

9-957979 
9.957921 

9.957862 


51 
5* 
53 
54 
55 


9.623502 

9-6»3774^ 
9.624047 

9.6243x9 

9.624591 


9.957804 

9-957745 
9.957687 

9,957628 
9-957570 


56 
57 
58 

60 


9.624^63 
9.625134 
9.625406 
9.625677 
9.625948 


9.957511 

9-95745  « 

9^957393 

9-957334 
9.957276 


9-^'59«>39 

9659373 
9.659708 

9.660042 

9;66o576 


^9:6607 10 
9:661043 
19^661 577 
9.661710 
9.662043 


.9;662376 
9V662709 
9.'663Q42 
19.663374 
9.663707 


.9,664939 
9:664371 
9.664703 
9.665035 
9.665366 


9.665697 
9.666029 
9.666160 
9.666691 
9.667021 


9.667352 
9.667682 
9.668012 
9.668343 
9.668672 


o.34096f 
0.340622 
0.340292 

o-3^9?5^ 
0,339624 


*9 
28 

>7 
26 

>5 


0.339290 
0.338957 
0.338023 
o.338i9p 
0.337956 


«3 
22 

SI 

20 


Ot3376«3 


0.3372911  j  -18 

^33^5^ 
0.536625 

0.336293 


«9 


0.335961 
0.335629 

0-335W7 
0.334965 

0-534634 


*7 
%6 

J^ 
>3 

12 
11 

10 


0.334302 

o-33397> 
0.333640 

0.333309 

0.332979 


9 
8 

7 
6 


0.332648 
0.332318 
0.331987 
0.331657 

o.33»3*7 


4 

3 

2 

I 

o 


I    GhJlMe.    \      Sine.     }    |    Ca-tiuig.  \  Tangent.   |  M 


Degree  65. 


Vj->  'u  . 


■TheTsHe  tf  Situs  axd'Tmigtiitt. 


P«g°»«5- 


M  I     Sine.     J    O-Jm.    \   |  Tangent.  1  T>-rfwy.   | 


»6 

■9 

CD 

9.6JOJJ7 

9-6)fF9« 
9-6}»PI9 

9«!«W 
9.9(4.67 
9.,!«»8 

9.9S«o«a 

.9.«7S9>9 
,9-^74»SO 
,9*745?+ 
9.6749K. 
9'F!t«7 

U1.J1S4I* 

44 

W 

« 

40 

9«!'!9» 
9.6aiSs9 

9-9If«9' 
>9-^J*P5r 

9.95«o.9. 
9-9SS9'9 
9-9SSW' 
9-95S»49 
9.9SS789 

ip.3»4<  V 

'<mj7«j 

*o.|»MS7 
"l.|»3«J' 

S5 

<6 

28 

5° 

■9-<'9^9^! 
9.658189 

90H*!+ 
9«!«?'9 
9-6j89^ 

9-95  S?29 
9.955669 
9.955609 

9-9SS54* 
9.955488 

9.677194 
9.6775*® 

9f77S« 
9.67S496 

V>.)(rfo5| 
io.j^C48o 
>o.37*J54 
io.3?4flJ9 
•0.3M594 

94 
« 

5" 

1   <i->,.    1      Si-.      1    1    C«^.   1    T-p«,   I  M 

P'PVH- 

The  Tabu  of  Sines  and  Tangents. 

Degree  a;- 

M  J      Sine.      1    C-fi,,.    |    |  Tangent.  |     &-/««. 

30  1  9633984  1  9.955488  )   1  9 678496  1  10.321504 

30 

3' 

3* 
33 
34 
35 

9.634145 
9.634514 
9.634778 
9.635041 
9.635306 

9.955413 
9,955367 
9955307 
9.955146 
9.955186 

9  '  8811 
9      9h6 
9      9471 
9      )79S 
9      >iio 

10.311 1 79 
10.310854 
10.320519 
10.310105 
10.J19880 

1? 

36 

,"8 
39 

40 

9.635570 
9.635833 
g.636097 
9.636360 
9.636613 

9.955115 
9.955065 
9.955004 

9954944 
9,954883 

9.681092 
9.681416 
9.6817.40 

10.319556 
10.319131 
10.318908 
io.318584 
10.318160 

14 
21 

2d 

4" 

43 
44 
4! 

9.636886 
9.657148 

9.637673 
9-637935 

9.954813 
9,954761 
9954701 
9.954640 
9954579 

9,682063 
9.6S3386 
9.682710 
9.683033 
9.683356 

16.317937 
10,317613 
10,317190 
10.3.6967 
10,316644 

I'l 

■s 

46 

49 

5° 

9.638197 
9-  -    18 
9.         19 
9.         Il 
9.         ,2 

9.954518 
9-954457 
9.954396 
9-9!433! 
9-9S4<74 

9.683678 
9.684001 

10,316311 
10.315999 
10.315676 
10,315354 
10,315031 

■4 
■3 

5' 
S' 
S3 
54 

9.639503 
9639764 
9.640014 
9,646184 
9.646544 

9,954113 

9954' 5= 
9,954090 
9,954019 
9.953968 

9.685190 

9,685611 
9,685934 
9,686155 
9.686577 

10.314710 
10.314388 
10.314066 
10.313745 
10.313413 

i 

I 

•i 

S6 

II 

9.640S04 
g.641064 
9,641313 
9.641583 
9.641841 

9.953906 
9-953845 
9-9537«3 
9.9537.1 
9,953660 

9.686898 

9-'«/"9 

9.6S8182 

10.313101 
10.3117S1 
10,311460 
10,311.38 
10,3118.3 

+ 

3 

2 

1    C^,.    1      Sine.      1    1    C-mg.    1  Tangent.    |  M 

Degi«e  64. 

IN] 


1'he  Taik  of  Sines  and  Torments. 

Degree  2  6. 

M  1       SiAe.      1     C<^Jha.     t    1  Tangent.  |     Co-lang.    | 

o  I  9.64.84,  i9.9;j65oi    !  9.688182  1  .0 

j>.8.ai6ot 

I 
2 
3 
4 
S 

9.642101 

9.642360 
9.6426.8 
9.64ZS76 
9.6431JS 

9.953598 
9-953S37 
9-953475 
9-95  34"  3 
9-95335' 

9.688501 
9.688823 
9  689.43 
9689463 
9.689783 

lo 

31.498 

3'"?7 
310857 
3'0j37 
310217 

11 

5S 

6 

7 
8 

9 

9.6«393 
9643650 
9.643908 
964416s 
9.644423 

9953290 
9.953228 
9-953166 
9953104 
9-953042 

9.690.03 
9.690423 
9.6,0742 
9.691061 
9.69.38. 

\l 

309897 
309577 

S4 
S3 
SZ 
5' 
5° 

13 
'4 
'S 

96446S0 
9.644936 
9.643193 
9-645449 
9.645706 

9.952980 
9.952917 
9.952855 
9-952793 
9-952731 

9.691700 
9'      !19 
9       138 
9.       .56 
9   .   J75 

10 

30S300 
307981 
307662 
307343 

307025 

4S 

16 
'7 
■  8 
>9 

9.643962 
9.646118 
9.646473 
9.6467  J9 
9.646984 

9.952668 
9.952606 
9-952544 
9.952481 
9.952419 

9'       H 

9          '2 
9          !0 
9          (8 
9          .6 

10 

306706 
306388 
306070 

3°S7S2 
3t>S434 

44 
43 
4^ 
4' 
40 

23 

9647239 
9.647494 
9.647749 

9.952356 
9.952294 
995223. 
9.952168 
9.952.05 

9.694883 
9.69510. 
9.6955.8 
9695835 
9.696.53 

10 

305117 
304799 
304482 
304164 
303847 

35 

26 
30 

9.6485,2 
9.648766 
9.649020 
9.649274 
9.649527 

9.952043 
9.95.980 
9.95.9.7 
9.95.854 
9.95.79. 

9.696470 
9.696786 
9.697.03 
9.697420 
9.697736 

10 

303530 
303213 

302897 
302580 
302264 

34 
33 

32 
3' 

30 

1   0.36..    1      Sf«.    1   1   Ct^.   1  T«.g™t.    1  M 

D<»«63. 

rbe  Tai^le  of  Sines  mud  Tatigatti. 

Degrtt26. 

M  I      Sine.      1     Cc-fiit.     \    |  Tangent.  \     U-tsa>i.    \ 

JO  1  9.6495?;  1  g-9S'79'  1    i  9-6977J6  (  lo.joia'H  [  jo 

T 

9.64978' 

9.951728 

9           13 

iQ.301947 

z9 

%2 

9.650034 

9.95i6.'J5 

9           '9 

.0.30.63. 

11 

9.65028^ 

9,951603 

9           *S 

10,301515 

27 

9           " 

10,300999 

3S 

9.650798 

9.951476 

,  10.300684 

■Si 

,6 

9.651044 

9.95 141 2 

9.699632 

10.300568 

"H 

17 

9.65 1 Z96 

9.951349 

9.700263 

10.J00052 

*3 

ia 

9.651648 

9.95 1 28Q 

10  299737 

22 

19 

9.651800 

9.951222 

970057K 

10.299422 

Jl 

40 

9,652052 

9.951159 

9.700893 

10.299107 

20 

4' 

9.652303 

9-95 1 095 

9.701  Z08 

10.298792 

»9 

42 

9.652555 

9.951032 

9701522 

10.298477 

41 

9.652806 

9.950968 

9.701837 

10.2^163 

17 

44 

9.653057 

9.950905 

9.702152 

10.297848 

4S 

9.653307 

9.950841 

9.702466 

10.297534 

•i 

46 

9.653558 

9.950777 

9.702780 

10.297219 

47 

9.65  3  H08 

9.950714 

9-703095 

10.29^5 

■■'3 

48 

9.654059 

9.950650 

9,703409 

10.296591. 

4^ 

9.654309 

9.950586 

9.J03722 

.0.296277 

11 

50 

9.654558 

9.950522 

9704036 

10.295964 

10 

1' 

9.654808 

9.950458 

9.704350 

10.295650 

9 

^2 

g.655057 

9.950394 

$.704;i63 
9-704976 

ia295337 

8 

;i 

9.655307 

9.950330 

10.295023 

7 

?4 

9.655556 

9.950266 

9.705290 

10.294710 

6 

S5 

9.655805 

<1.950202 

9.705  &  5 

[  0.294397 

5 

(6 

9.656053 

9.950138 

9.705916 

10.294084. 

97 

9.656302 

9.950074 

9.706128 

I0.29J77I 

1 

^8 

9.656550 

9.950D09 

9.706541 

I Q- 293459 
10.293146 

2 

9.656799 

9.70685. 
9.707166 

,  9-657047 

9.949881 

10.29  2a}4 

0 

I    Cjfo,.    1      i^inc.      1    1    C,./«^.  1   T4«ge«.   (  Ml 

Degree  63.                                        \ 

I^ 

1 

The  "Table  of  Sinu  aad  TaagaOs. 


Degree  27. 


M  i  Sine.   [  C^fiae.     \    \  Tai^^oL  |  C^4m^.    \ 


o  I  9.657047  I  9.949880  I  I  9.707166  I  10.292834  t  60 


I 

2 

3 

4 
5 


7 
8 

9 
10 


II 

12 

«5 
'4 
|£ 

16 

18 

'9 

20 


21 

22 

23 
24 

2£ 

26 

27 
28 

29 
30 


9.657295 
9/^57542 
9.657790 
9.658037 
9.658284 


9949816 

9-949752 
9.949687 

9.949625 
9949S58 


9.658531 
9.658777 
9.6;9024 
9.6-9271 


«'-..- 


9i'7 


9949494 
9.949429 

9.94-9364 

9.9493C0 

9.949235 


9.659763 
9.660009 
9.660255 
9.660500 
9.660746 


9.949170 
9.949105 
9.949040 
9.948976 
9.948910 


9.660991 
9.661236 
9.661481 
9.661726 
9.661970 


9.948845 
9.948780 
9.948715 
9.948650 
9.948584 


9.662214 
9.662459 
9.662702 
9.662946 
9.663190 


9.948519 
9.948453 
9.948388 
9.948323 
9.948257 


9.663433 
9.663677 
9.663920 
9.664163 
9.664406 


9.948191 
9.948126 
9.948060 

9-947995 
9.947929 


9.707478 
9:707790 
9.708102 
9.708414 
9.7087*6 


9.709037 

9709349 
9.709660 

9.709971 
9.710282 


97 
97 
97 
97 
97 


97 
97 
97 
97 
97 


97 

97 
97 
97 
97 


97 
97 
97 
97 
97 


0593 
0904 

1214 

1525 

1836 


2146 
2456 
2766 
3076 
3386 


3695 
4005 

43  H 
4624 

4933 


5^4' 

5550 

5859 
6168 

6477 


a292522 

0.292210 
0.291898 
0.291586 
0091274 


59 

57 
56 
55 


0.290963 
0.290651 
a290340 
0.290029 
a2897i8 


54 
53 

52 

5» 
50 


0.289407 
0.289096 
0.288785 
0.288475 
0.288164 


49 
4« 

46 
45 


0.267854 
0.287544 
0.287234 
0.286924 
0.286614 


0.286305 
0.285995 

a285686 
0.285376 
0.285067     35 


44 
43 
42 
4* 

if 

39 
38 
37 
36 


0.284758 
0.284449 
0.284149 
0.283832 
<^-283523 


34 
33 
3» 
3X 
30 


I    Gf'fifu.    I      Sine.      |    |    Co^tang,    \    Tangent    |  M 


Degree  62. 


--W 


*rn. 


Ti&e  y^i^  (/  Sines  and  Tangents. 

1 

Degree  27.                                    | 

M  1 

Sine.     1    Ca-Jtne.    \    \  Tangent.  |     ii-imitg,  *  { 

J^ 

9.664406    9.947929  1   1  9-7»6477  1  10.285523  1  30 

J> 

9464648 

9,947863 

9.716785  *  10.283215  1 

*9| 

32 

9.664891 

9-947797 

9.717093 

10.282907 

28J 

33 

9-665133 

9-94773» 

9.717401 

10.282598 

*7 

34 

9.665375 

9.947665 

9.717709 

10.282291 

26 

35 

9.665017    9-947599  1 

9.718017 

10.281983 

»5 

36 

9.665858 

9-947533 

9.718325 

10.281675 

H 

37 

9.666100 

9947467 

9.718633 

10.281367 

23 

3« 

9.666341 

9.947401 

9.718940 

10.281060 

22 

39 

9.666583 

9-947335 

9.719248 

10.280752 

31 

40 

9.666824 

9.947269 

9-7>9555 

10.280445 

20 

41 

9.667065 

9.947203 

9.719862 

10.2801  ^8 

>9 

42 

9.667305 

9.947136 

9.720169 

10.279831 

18 

43 

9.667546 

9.947070 

9.720476 

10.279524 

^l 

44 

9.667786 

9,947004 

9.720783 

10.279217 

16 

45 

9.668026 

9.946937 

9.721089 

10.278911 

»5 

46 

9.668266 

9.946871 

9.721395 

10.278604 

H 

47 

9.668506 

9^46804 

9.721702 

10.278298 

»3 

.48 

9.66874J6 

9^6738 

9.722008 

10.277991 

12 

49 

9.668986 

9.946671 

9.722315 

ia277685 

11 

50 

9.669225 

9.946604 

9.722621 

ia277379 

10 

SI 

9.669464 

9-946537 

9.722927 

10.277073 

9 

52 

9,669703 

9.946471 

9.723232 

ia276768 

8 

$3 

9,669942 

9,946404 

9-7*3SS« 

10.276462 

7 

$4 

9,670181 

9-946337 

9.723843 

10.276156 

6 

SL 

9.670419 

9.946270 

9.724149 

10.275851 

5 

56 

9.670657 

9.946203 

9-7^4454 

10.27554^ 

4 

57 

9.670896 

9.946136 

9-7*4759 

10.275240 

3 

5« 

9.671134 

9.946069 

9.725065 

10.274935 

2 

|9 

9.671372 

9.946002 

9.725369 

10.274630 

1 

60 

9.671609 

9-945935 

9-7*5674 

10.274326 

0 

1    C0-/v^.    1      Sine.     |        Co-imt^,    |  Tangtnt. 

|M 

Degrae  62. 
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I 

The  Table  of  Sines  and  Tangents. 
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jDcgrcc  28. 


M  I      Sine.      |    Ghjme,    \    |  Tangent.  |     Co-timg,     \ 


0  1  9,671609  1  9.945935  1  1  9725<^74  1  10274326 

|6o 

1 

4 
5 

9.671847 
9.672084 
9.672321 
9.672558 
9.672795 

9.945868 

9.945800 

9-945733 
9,945666 

9.945598 

9.725979 

9.726284 
9.726588 
9.726892 
9.727197 

10.274021 
10.273716 
10.273412 
10.273107 
10.272803 

59 
58 
57 
56 
55 

6 

7 
8 

9 

10 

9.673032 
9.673269 
9.673505 
9,673741 

9-673977 

9-94555» 
9.945463 

9.945396 

9.945328 

9.945361 

9.727501 
9.727805 
.9.728109 
9.728412 
9.728716 

10.272499 
10.272195 
10.271891 
10.271587 
10.271284 

54 
S3 
52 
5' 
50 

,  11 

12 

«3 
»5 

9.674213 
9.674449 
9'.674684 
9.674919 
9.675154 

9.945  f93 
9,945125 
9.945058 
9.944,990 
9.944922 

9.729020 
9.729323 
9.729626 
9.729929 
9.730232 

10.270980 
10.270677 

10.270374 
10.270070 
10.269767 

49 

4« 
47 
46 

45 

16 

«7 
18 

19 

20 

9.675389 
59.675624 
9.675859 
9.676094 
9.676328 

9.944854 
9.944786 
9.944718 
9.944650 
9.944582 

9.730535 
9.730838 
9.731141 

9-73  »443 
9.731746 

10.269464 
10.269162 
10.268859 
10.268556 
10.268254 

44 
43 
4* 
4» 
40 

21 

23 

»4 

25 

9.676562 
9.676796 
9.677030 
9.677364 
9.677497 

9.944514 
9.944446 

9-944377 
9.944309 

9.944241 

9.732048 
9-73235' 

9'7329SS 
9733257 

10,267952 
10.267649 
10.267547 
10.367045 

10.266743 

39 
38 

35 

26 

28 
29 

30 

9.677731 
9.677964 
9.678197 
9.678430 
9.678663 

9.944172 
9. 944  r  04 
9.944036 
9.943967 
9.943898 

9733558 
9.733JJ60 

9.734162 

9-734463 
9-734764^ 

10.266441 
10.266140 

io.265g38 

10.265537 

.ioa6j2jD 

34 
33 
3* 
3» 

Co-fine,     1 

Sine.   1 

1 

Co-tang.    1 

Tangent.  | 

M 
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Ti>e  Tabu  of  Sines  and  Tangents. 

ii 

Degree  28. 

j      SFoe.  7 1    Ohjiiu.     1    1  Tangent.  (     Co-twtg,    \ 

30 1 9.678663 1 9^43895 1    9.734764   10.265^36 1 30 1 

3« 

9.673395 

9.943830 

9.735066 

10.264934 

29 

32 

9.679128 

9.943761 

9735367 

10.264633 

28 

33 

9.679360 

9.943692 

9.735668 

10.264332 

27 

34 

9.679592 

9.943624 

9-7359^8 

10.264031 

26 

35 

9.679824 

9-943555 

9.736269 

10.263731 

25 

36 

9.6S0056 

9.943486 

1  ^-llHl"^ 

10.263430' 

24 

37 

9.680288 

9-94341 7 

9.736870 

10.263130 

23 

38 

9.680519 

9-943348 

9737^7^ 

10.262829 

22 

39 

9.680750 

9.943279 

9737471 

10.262529 

21 

40 

9.680982 

9.943210 

9-7^777^ 

10.262229 

20 

4> 

9.681213  J 

9.943 141  1 

9.738071  ' 

10.261929 

19 

' 

42 

9.681443, 

9,943072 

9-73^37^ 

10.261629 

18 

■ 

43 

9.681674 

9.943003 

9.738671 

10.261329 

.«7 

44 

9.681904, 

9.942933 

9738971 

10.261029 

16 

« 

45 

9.682135 

9.942864 

973927H 

10.260729 

15 

46 

9.682365 

9942795 

97395>  1 

10.260430 

f'4 

47 

9.682595 

9.942725 

9.739870 

10.260130 

14 

48 

9.682825 

9.942656 

9.740169 

10.259831 

12 

1 

49 

9.68305  s 

9.942587 

9.740468 

ia259532 

II 

11. 

9.6832;^ 

9.942517 

9.740767  ] 

10.259233 

10 

5> 

9.683514 

9.942448 

9.741066 

10.258934 

1 

9 

5* 

9-683743 

9.942373 

9.741365 

10.258635 

3 

S3 

9.683972 

9.942308 

9.741664 

10.25S336 

/ 

54 

9.684201 

9.942239 

9741962 

10.258038 

6 

1 

55 

9.684430 

9.942169 

9.742261 

10.257739. 

5 

56 

9.684658 

9.942099 

974*559  j 

10.257441 

4 

57 

9.684337 

9.942029 

9.742858 

10.257142 

3 

58 

9.635<i5 

9-94*959 

9.743156 

10.256844 
10.256546 

2 

|9 

9.685343 

9.941889 

9743454 

1 

60 

9.63 1^571 

9.9418 19  1 

9743751 

10.256248 

0 

j     Co-fine.     \      Sine-       |    \   Co-taug.    \    Tangent.    |  M 

Degree  61. ' 
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The  Table  of  Sines  and  Tangents^ 

Degree  29. 


M  I      Sine.     I    Co-fiie,    \    \  Tangent.  |    Ct-Ung.    ( 


o  I  9.685571  I  9.941819  I    I  9.743752  I 


0.256248  I  60 


I 

2 

3 

4 
5 


9.685799 
9.686027 
9.686254 
9.686482 
9.686709 


9.941749 
9.941679 
9.941609 
9.941539 
9.941468 


9.744050 

9-74434« 
9744645 
9-74W43 
9-745*40 


0.255950 
0.255652 

<>-*55355 
0.255057 

0.254760 


59 

58 

n 
56 

55 


7 

8 

'9 
10 


9.68()936 
9.687163 
9.687389 
9.687616 
9.687842 


9.941398 
9.941  J28 
9.941257 
9.941187 
9.941  II 6 


9-745538 

9745835 
9.746132 

9.746429 

9.746726 


II 

9.688069 

9.941046 

9.747023 

12 

9.688295 

9.940975 

97473'? 

«3 

9.688521 

9.940905 

9.747616 

14 

9.688747 

9.940834 

9.747912 

'5 

9.688972 

$.940763 

9.748209 

0.254462 
0.254165 

0.253868 

0.253571 
0-253274 


0.252977 

0.252680 
0.252384 
0.252087 
0.251791 


54 
S3 

5^2 

5» 


49 

48 

4^ 
45 


16 

18 

'9 
20 


9.689198 
9.689423 
9.689648 
9.689873 
9.690098 


9.940693 
9.940622 
9.940551 
9.940480 
9.940409 


9.748505 
9.748801 
9.749097 

9749393 
9.749689 


0.251495 
0.251199 
0.250905 
0.250607 
0.250311 


44 
43 
4* 
4» 


21 

22 

23 
24 


26 

28 
29 
30 


9.690323 
9.690548 
9,690772 
9.690996 
9.691220 


9.940338 
9.940267 
9.940196 
9.940125 
9.940053 


9749985 
9.750281 

9.750576 

9.750872 

9.751167 


0.250015 

0.249719 

0-249424 
0.249128 

0.248835 


9.691444 
9.691668 
9.691892 
9.692II5 

9-692339 


9.939982 
9.939911 
9.939840 
9.939768 
9.939697 


9.751462 

975 » 757 
9.752052 

9752347 
9.752642 


0.248538 
0.248245 
0.247948 
0.247655 
0.247358 


39 
38 

36 
35 


34 

33 

32 

3» 
30f 


I    Qhfine.    I       Sine.      |    |    Co-tang,    |   Tangent.    |  M 
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mm 


Degree  29. 


M  I      Sae.      I    Ci->/.     |    |  Tangent  |     Co-taug,    | 

50       I       9^92339      I       9-939697       I  I       9-752642       I        10.247358       I        30 


5« 

3« 
33 
34 
35 


9.692562 

9.692785 
9.693008 
9.693231 
9.693453 


9.939625 

9-939554 
9.939482 

9.939410 
9-939339 


36 

37 
38 

39 
40 


9.693676 
9.693898 
9.694120 
9.694342 
9.694564 


9.939267 
9.939195 
9.939123 
9.939051 
9.938980 


4» 

42 

4^ 

44 
45 


9.694786 
9.695007 
9.695229 
9.695450 
9.695671 


9,938908 

9-938^35 
9,933763 

9.938691 

9.93B619 


46 

47 
4« 
49 
5« 


9.695892 
9.6961 1 3 
9.696334 
9,696554 
9.696774 


9-938547 

9-938475 
9.9384D2 

9.938330 

9.938257 


5* 
53 
54 

55 


9.69699J 

9.697215 

,  9-697435 
;  9.697654 

9.697874 


56 

II 


9.938185 
9.938112 
9,938040 

9937967 
9.937895 


<ah«aM 


9.698093 
9.698313 
9.698532 
9.698751 
9.698970 


9.937822 

9-937749 
9.937676 

9.937603 

9-93753^ 


9-75^937 

9-75323» 
9.753526 

9.753820 
.9.754115 


9-754409 
9754703 
9-754997 
9.755291 

9-755584 


g.755878 
9.756172 
9.756465 
9.756759 
9.757052 


9757J45 
9.757638 

9-75793« 
9.758224 

9^7585*7 


9.758810 
9,759102 

9-759395 
9.759687 

9759979 


9.760271 
9.76056^ 
9.760850 
9.761147 
9.761439 


0.247063 
0.240769 
0.246474 
0.246180 

0.245885 


0.245591 
0.245297 
0.245003 
0.244709 
0.24441 5 


0.244122 
0.243828 

0.243535 
0.243241 
0.242948 


0.242655 
0.242362 
0.242069 
0.241776 
0.241483 


0.241190 
0.240898 
0;24o6o5 
0.240313 
a 2400s X 


0.239728 
0.239436 

0.2^9144 
0,238852 

0.238561 


29 
28 

27 
26 

*5 


^3 
22 

21 

20 


7 
6 


4 

3 

2 

I 
o 


9 
8 

7 
6 


t 
o 


I  Co-Jki.    r  Sine.  |  |  Co^tmg.   \   Taageat.  |  M 


I 


Degree  60. 
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The  Table  of  Sines  and  Tangents.               | 

Degree  30. 

M  1   Sine.   1  ajim.    |  {  Tangent. 

O^iw^.    \ 

0  1  9.698970  1  9.9375'3»  1  1  9-761439  1  10.238561  1  60  J 

I 

2 

3 

4 
5 

9.699189 
9.699407 
9.699626 
9.699844 
9.700062 

9937458 

9937385 
9.937312 

9.937238 

9.937165 

9.761731 
9.762023 
9.762314 
9.762606 
9.762897 

10.228269 
10.237977 
10.237686 
10.237394 
10.237103 

59 

54 
53 
5* 

5' 
50 

6 

7 
8 

9 

10 

9.700280 
9.700498 
9.700716 
9.700933 
9.701 1 51 

9.937092 
9.937019 
9.936945 
9.936872 
9.936799 

9.763188 

9763479 
9.763770 

9.764061 

9.764352 

10.236812 
10.236521 
10.236230 
«o.235939 
10.235648 

II 
12 

13 
H 
»5 

9.701368 
9.701585 
9.701802 
9.702019 
9.702236 

9.936725 
9,936652 
9.936578 
9.936505 

993643^ 

9.764643 
9.764933 
9.765224 
9.765514 
9.765805 

10.235357 
10.235067 
10.234776 
10.234486 
10.234195 

49 
48 
47 
46 

45 

16 

17 
18 

19 

20 

9-702*52 
9.702669 

9.703885 

9.703101 

9.703317 

9-936357 
9.9362S4 

9.936210 

9.936136 

9.936062 

9.766095 
9.766385 
9766675 
9.766965 
9.767255 

10.233905 
10.233615 
10.233325 
10.233035 
10.232745 

44 
43 

4* 

4> 

40 

21 
22 

23 
24 
25 

9-703533 

9-703748 
9.703964 

9,704179 
9-704i95 

9-935988 
9,935914 
9.935840 
9.935766 
9.935692 

9-767545 
9.767834 

9.768124 

9.768413 

9.768703 

10.232455 
10.232106 
10.231876 
10.231587 
10.231297 

38 

36 
3  J. 

26 

27 
28 

29 
30 

9.704610 
9.704825 
9.705040 
9.705254 
9.705469 

9.935618 

9-935543 
9.935469 

9-935395 
9.935320 

9.768992 
9.769281 
9.769570 
9.769859 
9.770148 

10.231008 
1C.230719 
10.230430 
10.230141 
10.229852 

34 
33 
3* 
3> 
3P 

1  Co  Jim.     1   Sine.   |  |  Co^ang.    \   Tangent.  | 

M 

I>cg 

T« 
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The  Table  of  Sines  and  Tangents. 

Degree  30. 

M  1   Sine.   |  Co-Jme.    \    |  Tangent.  1  Qo-taug.    \ 

30  1  9705469  1  9-93'5320  1  1  9.770148  1  10.229852  1  30 

3' 

9.705683 

9.935246 

9-770437 

10^229563 

29 

32 

9.705897 

9.935171 

9.770726 

10^229274 

28 

33 

9.7061 1 2 

9.935097 

9771015 

10.228985 

27 

34 

9.706326 

9.935022 

9.771303 

10.228697 

26 

35 

9.706539 

9.934948 

9.771592 

10.228408 

25 

36 

9.706753 

9.934873 

9.771880 

10.228120 

H 

37 

9.706967 

9.934798 

9.772168 

10.227832 

23 

38 

9.707180 

9-9347^3 

9.772456 

.10.227543 

22 

39 

9707393 

9-934649 

4 

9.772745 

10.227255 

21 

40 

9.707606 

.9*934574 

9.773033 

10.226967 

20 

41 

9.707819 

9-934499 

9.773321 

10,2266  j^ 

»9 

4^ 

9.708032 

9.934424 

' 

9.773608 

10.226391 

18 

43 

9.708245 

9-934349 

9.773896 

10.226104 

17 

44 

9-708457 

9.934274 

9.774184 

10.225816 

16 

45 

9.708670 

9,934199 

9-774471 

10.225529 

«5 

46 

9.708882 

9.934123 

9'77i7S9 

10.225241 

«4 

47 

9-709094 
9.709306 

9.934048 

9775046 

10.224954 

13 

48 

9-933973 

9-775333 

10.224666 

12 

49 

9.709518 

9-933897 

9.775621 

10-224379 

11 

5L 

9.7.09730 

9.933822 

9.775908 

10.924092 

10 

5« 

9.709941 

9-933747 

9.776195 

10.223805 

9 

5^ 

9.710153 

9.933671 

9.776482 

10.223518 

8 

53 

9.710364 

9.933596 

g/yjSyS^ 

10.223232 

7 

54 

9.710575 

9.933520 

9'7770SS 

10.222945 

6 

55 

9.710786 

9-933444 

9.77734^ 

10.222658 

5 

56 

9.710997 

9-933369 

■ 

^.jjySzS 

10.222372 

4'. 

57 

9.71 1 208 

9.933293 

97779^5 

10.222085 

3 

58 

9.711418 

9.933217 

9.778201 

10.221799 

2 

59 

9.71 1629 

9,9^31^1 

9.778487 

10.221513 

I 

60 

9.711839 

9.933066 

9-77^77^ 

10.221226 

0 

1  Co-fine.    1   Sine.   |  )  Co-tang,    \   Tangent.  (  M 

Degree  59. 
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Tie  TsUe  ^  Sma  md  ToMgais, 


M| 


3« 


I   |Ti 


I 


I 


o  I  9.7IIS39  !  9^r^  I   I  9^77«7r4  I  rt>.*if«26  |  fo 


I 

3 

4 
5 


9.711049 
9.712159 
9.712469 
9.712679 
9.712S419 


9.952990 
9.952914 

9.93233S 
9.952761 
9.9326S5 


9-*79J46 
9-7796J* 

9-7799«* 
9.780205 


OLJJ0654 
0.220568 


0.21 


S9 

55 


7 
8 

9 

19 


II 
12 

«3 
«4 


9.715098 
9.713508 

9-7>3>»7 
9.713726 
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9-93*$33 
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9^52580 

9.952504 


9.78CH89 

9-7«»775 
9.781060 

9.781546 
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a2f8569 


9'7H»44 

9.952227 

9.781916 
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9.782202 
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9.714769 

9.931998 

9.782771 

9-7 » 4977 

9.931921 

9.785056 
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0.217799 
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54 
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5« 

5^ 
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4$ 


16 

9.71 5186 

9.951845 
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•7 

97 « 5 394 

9.931768 

9.783626 

18 

9.7 1 5601 

9.931691 

9.785910 

»9 

9.715809 

9.931614 

9.784195 

20 

9.716017 

9-93»537 

9-7«4479 

0.216659 
0.216374 
0.316090 
a3t59o5 
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44 
4J 
4* 
4» 

40 


21 

9.716224 

9.931460 

9784764 

22 

9.716431 

9.931383 

9.785048 

23 

9.716639 

9.931306 

9.785532 

24 

9.716846 

9.931229 

9.785616 

25 

9.717053 

9.931152 

9.785900 

26 

^7 
26 

^9 
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0.215236 
0.214952 
0.214668 
0.214384 
0.214099 


9.717259 
9.717466 
9.717672 
9.717879 
9.718085 
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9.930998 
9.9309C0 
9.930843 
9.930766 


9.786184 
9.786468 
$.786752 
9.787036 
9.787319 


0.213816 
0.215652 
0.21324S 
0.212974 
0.21 2081 
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M  I      Sine.     |    Cthjkf.    |    |  Tangent.  |    a-tofig.    \ 


30  I  9.718085  I  9.930766  I    I  9.787319  I  10.212681  I  30 


3' 

9.7 1 8291 

9.930688 

9.787603 

3« 

9.718497 

9.9306  II 

9.787886 

33 

9.718703 

9-930533 

9.788170 

3+ 

9.718909 

9.930456 

9,788453 

35 

9.7191 14] 

9.930378 

9,788736 

10.212397 
I0.2I2II4 
IO.2II830 
10.211547 
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29 

IS 
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56 

9.7193*0 

9.930300 

9.789019 

K 

9719525 

9.930223 

9.789302 

3« 

9.719730 

9-930'4S 
9.930067 

9-789585 

39 

9719935 

9,789868 

4* 

9.720140 

9.929989 

9.790151 

10.210981 
10.210698 
10^21041$ 
10.210132 
IO.Z09849 


24 

22 
21 
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4* 
4* 
43 
44 
4S 


46 

4« 
49 


9.720345 
9.720549 
9.7Z075A 
9.720958 
9.721162 


9.929911 
9.929833 
9.929755 
9.929677 
9.929599 


9-7904J3 
9.790716 

9.790999 

9.791281 

9.791563 


10.209566 
k  0.209284 
to.209001 
10.208719 
10.208436 


9,721366 
9.721570 
9.72177^ 
9.721978 
9.722181  ' 


9.929521 
9.929442 
9.929364 
9.929286 
9.929Z07 


9.791846 
9.792128 
9.792410 
9.792692 

9792974 
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10.207872 
10.207590 
10.207308 
10.207026 
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11 
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J* 

S3 

J4 

Si 
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60 


9.72238c 
9.722588 
9.722791 
9.722994 
9.723197 


9.929129 
9.929050 
9.928972 
9.928893 
9.928814 


9.793256 

9.79353^ 
9.793819 

9.794101 

9.794383 


10,206744 
10.206462 
10.2061^0 
10.205899 
10.205617 


9.723400 
9-723603 
9.723805 
9.724007 
9.724210 


9.928736 
9.928057 
9.928578 
9.928499 
9.928420 


9.794664 

9794945 
9.795227 

9.795508 

9.795789 
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to.205054 
10.204773 
10.204492 
10.204211 
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o  I  9.724210  I  9.92S420  I    I  9-795789  I  10*204211  I  60 


I 

9.724412 

9.928341 

9.796070 

10.203930 

59 

2 

9.724614 

9.928262 

9.796351 

10.203649 

58 

3 

9.724816 

9.928183 

9.796632 

10.203368 

57 

1  4 

9.725017 

9.928104 

9.796913 

10.203087 

56 

LL 

9.725219 

9.928025 

9-797194 

10.202806. 

55 

6 

9.725420 

9.927946 

9-797474 

10.202526 

54 

•  7 

9.725622 

9.927867 

9-797755 

10.202245 

53 

8 

9:725823 

9.927787 

9.798036 

10.201964 

52 

9 

9.726024 

9.927708 

9.798316 

10.201684 

5« 

10 

9.726225 

9.927628 

9.798596 

10.201404 

50 

II 

9.726426 

9.927549 

9.798877 

io.201123 

49 

12 

9.726626 

9.927469 

9-799>57 

10.2008^3 
10.200563 

48 

«3 

9.726827 

9.927390 

9-799437 

47 

H 

9.727027 

9.927310 

9.799717 

10.200283 

46 

»5 

9.727228 

9.927231 

9.799997 

10.200003 

45 

16 

9.727428 

9.927J51 

9.800277 

10.199723 

44 

«7 

9.727628 

9.927071 

9.800557 

10.199443 

43 

18 

9.727828 

9.926991 

9.800836 

10.199163 

4^ 

19 

9.728027 

9.92691 1 

9.801116 

10.198884 

4' 

20 

9.728227 

9.926831 

9.801396 

10.198604 

40 

21 

9.728427 

9.926751 

9.801675 

10.198325 

39 

22 

9.728626 

9.92667 1 

9.801955 

10.198045 

38 

23 

9.728825 

9.926591 

9.802234 

10.197766 

H 

24 

9.729024 

9.92651 1 

9.802513 

10.197487 

36 
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9.729223 

9.926431 

9.802792 

10.197207 

35 

26 

9.729422 

9.926351 

9.803072 

10.196928 

34 

27 

9.729621 

9.926270 

9.803351 

10.196649 

33 

28 

9.729820 

9.926190 

9.803630 

10.196370 

32 

29 

9.730618 

9.926110 
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3» 

30 

9.730216 
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32 
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9.925868 

9.804745 
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28 

33 
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9.925787 

9.80^023 
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34 

9.731009 

9.925707 

9.805302 
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26 

35 
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9.925626 
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36 
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9.805859 

10.194141 
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37 
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23 

38 
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9.925384 
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39 

9.731996 
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9.806693 
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21 

40 
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9.929222 
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4« 

9.732390 

9.925141 

9.807249 

10.192751 

19 

42 

9.732587 

9.925060 

9.807527 

10.192433 

18 

43 

9.732784 

9.924978 

9.807805 

10.192195 

'? 

44 

9.732980 

9.924897 

9.808083 

10.191917 

16 

45 

9733>77 

9.924816 

9.808361 

10.191639 

»5 

46 

9-733373 

9-9H735 

9.808638 

10.191362 

H 

47 

9.733569 

9.924653 
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10.191084 

«3 

48 
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49 

9.733961 
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11 

50 
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10.190252 

10 
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10.189975 
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52 
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9.924246 

9.810302 
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8 

53 

9-754744 

9.924164 

9.810580 

10.189420 
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54  9-734939 

9.924083 

9.810857 
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6 

55  9-735 '34 

9.924001 

9.811 134 

10.188866 

5 

56 

9-735330 

9.923919 

9.81 1 410 

10.188589 

4 

57 

9-7355*5 

9-923«37 

9.811687 

,10.188313 

3 

58 

9-735719 
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9.811964 

10.188036 

•2 

59 

9-7359H 

9.923673 
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I 

60 

9.736109 
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0 

1  Co-fine.    1   Sine.   |  |  Co-tang.   \    Tangent. 

1  M 

Degree  57. 

rttTsiCs  ^ 


Tkjp9^  35- 


I 


o  •  9'71*«29  '  5^3i9»  *.   «  ^»*P7  ?  ia.«*74f5  t  6a 


1 

4 
5 


6 

7 

i 

9 
to 


s 

♦ 


9-73^^97  1 
9-756692  I  9^3M5 


9-7370«o  I  ^^»3»^ 


9.fi 

9.ii 

9J1 


»««j«» 


io.it6j3o 


S9 
5« 

55 


9^737274 

9-737467 
9.737661 

9.737»I4 
9'73«<H« 


9^5m6 


9^22S$t 
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0.179766 
0.179492 
0.1 7921 7 


34 
33 
3« 
3» 
3<> 


1  c^M 

\ 

Sine.      1    1    Co-tang, 

1   Tangent. 

|M 

Degree  56. 

tit  latU  if  Sines  and  fanimtt. 

--J).gpi.j^ 

Mi-  ffiK.   4.il^_|„l.ai»SM-i   H-Jmt  \ 

3aj:»j*jis»l 94iii.w I  ^i^wii.iis.iTaaii'ii 

»" 

9.741080 

9.921023 

9.811057  1  10.178943 

n 

1^ 

974117, 

9.910939 

9-82.332 

J1 

9.742461 

9.920855 

9.821606 

10,178394 

»7 

It 

9.811880 

10.178120 

3S 

9.74*842 

9.910688 

_ 

La--«?-2i.£t 

L>°:(I7«*S 

"i 

J* 

9-743032 

p.910604 

9-8?  14.2$) 

10.177S71 

»4 

3J 

:  9743223 

9.9205.20 

9.821703 

10.177297 

■J 

1« 

9.743412 

9.92043^ 

9-^2977 

10.177023 

11 

;  9.743601 

9-920^51 

9-8:iji5.« 

10.176749 

SI 

4« 

9.7ia7SU 

-QiBiaffiS. 

10^176476 

?■? 

♦■ 

9-743982 

9.910184 

9-»237g« 

lO.li*'202 

;i 

42 

9.7441 71 

9.910099 

9."-  --'1 

10.175928 

♦1 

9.7443151 

9.92001; 

9-         \5 

IO.I756SS 
IO.1753S1 

«7 

44 

9-744SSO 

9.919931 

9.         .9 

45 

9744:739 

9.319846 

9          )2  1  10,75108 

"S 

4< 

9.744928 

9.919762 

9.8^25166 

IO..748J4 

'4 

:? 

974S'i7 

9.919677 

9.825439 

10.174560 

M 

9.745306 

9.919593 

9.815713 

10.1-74287 

i< 

4? 

97+5494 

9.519508 

9.815986 

9.816259 

10.174014 

II 

i" 

9745683 

9.919424 

1017J74" 

10 

!■ 

9.745871 

9.919339 

5.8.7076 

10.173468 

? 

!■ 

9.746059 
9.746248 

9,919254 

10.17319s 

^1 

9.91 9169 

7 

H 

9.746436 

9.9190*4 

9*735' 

\l'7m^ 

* 

SS 

9.746624 

g.giSggg 

9.8J7624 

? 

!' 

9.746811 

9.918915 

9;a>7997 

io.i7aio) 

4 

57 

9.746999 

9.9188JO 

9.829170 

.0.171830 

1 

5« 

9.7+7187 

9.918744 

9.81S44J 

io.i7>5S8 
io.i7ia8s 

II 

9747374 

9.918659 

9.828715 

t{ 

9747  T^2 

9.918574 

9,8,8987. 

10.171012 

0! 

1    Ci.-_/ftir.    1      Sine.      1    1    Co-ta«i.    L  Twjgent. 

M' 

Degiw  56.                                    1 

fj 


nHTMifSimadT-^mU. 

Dtgree  34. 

H  1     Sine.      1    (i/6,    1   1  T«ipm.  |    (V/«,.    | 
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X 

1 
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! 
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9 

lO 
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10.168563 
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s» 
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■♦ 
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9.832525 
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■9 
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»3 
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*7 
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3» 

3* 

33 

1*34 
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9-75349f' 

9-7613679 
.  9^753862' 

9.754046 
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36 

37 

3» 
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40 
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1 9-754595 
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9.754960 


9.915472 
9.915385 
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9.755508 

9755690- 
9-755872 
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9.9^4948. 
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o.  159083 
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9.7$66oo 
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9-9H$97 
9.9145*0 

9.9144a* 
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9.914x46 
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9.841726 

9.84^996 
^842266 
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W.i5«S43. 
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9.756963 

9-757«44 
9-7573*6 

9-7S75«7 
9.757688 


9.914J58 
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9.84^804 
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58 
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■  9-757869 
9-758049 
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9.75841 1 
9.758591 


9.913718 
9.913^30 

9.91354^ 

!>-9»34f3 
9.9*3364 


9.84415 1 
9.844420 
9.844680 

9-844#58 
9.845227 
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0.155580 
0.155311 
0.15504* 
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«■■■» 
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Degm  3f. 
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9-75»95' 
9.75915* 
9-7!93'« 
9-7!«9« 

».9II«76 

♦•9iS'«7 
S.913099 
9.913010 
9.9129.1 

^.e46!0. 

«.8«6570 
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10.154335 
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3 

9.759672 
9.71985r 
97500J1 
9.7602.0 
9.7603*0 

9.912835 
f9"744 

9.91.477 

«-M«59 
♦■»47io7 
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«-«47644 
9.B479.3 
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10.152624 

io.i5K>S7 

54 
SJ 
S» 

5« 
5» 

9.760569 
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9.7609.7 
9.761105 
9.76.>8! 

5.91.588 
9.91.299 
9.913210 
9.9131.1 
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..848)81 

9.848^5 
«.8«9254 

10,151819 
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10.151383 
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to.i  50746 

4S 

|6 

9.761642 
9.761821 
9.761999 
9.761177, 

9.911942 
9911855 
9,91 1763 
9.911674 
9911584 

9.849532 
9849789 
9.850057 
9.8503.5 
9»f«593 

10.190478 
10.150110 
10.149943 
.0.145675 
■  0.149407 

4* 
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4« 

4< 

40 

«3 
■4 

9-762356 
9-76!i34 
9.764712 
9761889 
9.765067 

9.91.495 
9.91140s 
9.911315 

9.91  I33i 

9.9mjt 

9«S>9Si 

10.14915, 
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io.f4»ij5 
.0.148069 

P 

j6 
27 

38 

JO 

9.7»!t« 
9.76341. 
9-7S3!»9 
9763777 
9.765954 

9911046 

9910776 

9.51S685 

♦•»W!4 
98SJ601 
9855.68 

I4.14?8M 
1»>4»14 
.0.147367 
10.146999 
.o..46rj. 
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3« 

JO 

CMgat. 
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Tltf  ^aUe  uf  &ms  ami  Tsmgmts. 

_^ 35: 

M  I      Sine.     |    Qhfite.    [  \  Taaguit.  |    C^^twtg.  ] 
30  I  9.7^3554  I  9-9^c(686  I   I  9.853268  1  10.14673*  I  30 


ii 

34 


9.764131 
9.764308 

9.764485 ; 
9.764662 
9.764838 ' 


9.910596 
9.910506 
9.5110415 1 
9.910325 
9.910235 


9.853802 
9.854069 

9.854336 

9.854603 : 


so.  1 46465 
0.1 461 98 

0.US930 
0.145664 

0.145397 


29 

2f 

z6 


36 

if 
38 
39 
40 


9.76501 5 
9.765191 
9.765367 
9.765544 
9.765720 1 


9.910144 
9.910054 
9.909963 
9.909873 
9.909782 


p.854870 
9855137 
9.855404 
9.855671 

9-^55937 


0,145130  H 
0.144862    23 

0.144596  2Z 
0.144329  21 
0.144063  J  29 


|4» 

4* 

|44 


9.765896 
9.766071 
$.766247 
9.766421 

sa8 


.  9766 


0.909691 
9.909801 

9-^09S>^ 
p.909410 

,9.909328 


9,85;6204 

9.856471 ; 

0.«56r37' 
9.857004 

9.8i7i70 : 


014^96" 
0.1435:29 
0.1 43263 
0.142996 
0.142730 
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'- 


46 

47 

4« 
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9.766774 
9.7*6949 
9.7671^4 

Sl7'5747Jii»-9o8873;. 


9.909137 
9.909146 

V  909055 1 
^.908964 


9.858069 : 

9.|j8|3tt' 
5.85860Z; 


0,14x463 
0.1431^7 
0.141^1 
o.  141 664 

0a4iJ98 


'4 
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J' 
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9.767649 

9.767824 

97$799$ 
9.7681^3 

1.268^4? 


^.^08781 : 
9.908690 

9.908599 ; 

o.9P85or 


9.858868 

9^59»34 
^.859'4ofo 

9.859666 


0.141132 
0.140866 
0.140600 
0,140334 
0.140068. 


I 

7 


'5o 


97685^4 
9.768096 
9.768871 
9.769045 
^.265219^ . 


9.908324' 

9.908233 

9.90814] 

^.9018049 
.i>.9079j« ; 


9*^860198 
9.860464; 
9.860730' 
9.860995 

.  ^JB6i26s: 


0.13989^ 
0.139536 
0.139270 
0.130005 
0.138739 
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Degree  54. 
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J 


mm 


The  ^able  of  Sines  and  TsffMs. 

D^ee  36. 


M  I  *  Sine.      ]    Co-Juu,    \   \  Tang)m(..|     Cc't4tMg.    | 

I     -    '  -     -      -  '       -    ■  1  "      -  -  • 

.  o  I  9.769Z19  I  9.907958  I   I  9.861261  I  10.158739  I  6a 


i 

4 

* 

5 


9.769392 
9.769566 
9.769740 
9.769913 


9.907866 

9-907774 
9.907682 

9.907590 

9.907498 


9.86^527 
9.861792 
9.8^2058 
9^162323 
^^862589 


o-«  38473 
0.138208 

0.137942 

0,137677 

0^137411 
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la 


& 

:7 

•8 

it 


^7026© 

9-7704*33 
9.770606 

9'77<^S^ 


1^5074^: 

p9973^H' 
p.90'72.21 
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•^.862554 
9.8^3119 
p.«633S5 
p.  863^  50 
9.863915 
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0.1368S0 
o.  156^15 
"i  0.1 36350 
0.13^6085 
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53 
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SO 


ti 
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9-77 1 470 
9-7/1^3 
0;.:^7l8?5 


»7 

'9 

io 


»l    ■    H    H   ■   I 


9-5-^45  , 
9.Q00852 

S  .906760 
.906667 


b.?64v8o 
§.864445 
0.864710 
§.8649^15 
9.865240 


977^9?7 
9.772159 


9-772331    9.506256 

:  9.772563  ^.906203 

9.7726^5 1  9.90011.1 


9.906482 
9.906389 


T^ 


Ou  1 35820. 

o.»355W 
0.135289 

0.J35924 
<>• '34759 


9.W5505 
9.865770 
9.866035 
9.866300 
9.$66564 


9-^34495 
0.134230 

0.1 33965 

0.133700 

o.'?  33436 
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4« 
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45 
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40 


2T 


9.772847 
9-773018' 

:  9773190 

'  9-7733p« 
'  9:^73533 
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9 


9.906018 
9.905025 

p-905»3* 
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9-90564^ 


■*-« 


-M-i^: 


9.966829 
9.867094 
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0.132906 
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6.132377 
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39 
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I 


7-7737P4 

:  9-773875: 
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9.774398 


4 
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9.S6Sr52 
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0.131584 
0J31320 
0.131055 
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,34 
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3^ 

3' 

30 
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1 


Tangent.   |  M 


Degree  53. 


Tit  Taili  ef  Sina  and  Tu^aU. 

Degree  3fir~                           —"" 

M|      Sine         (l-j««.     1    1  Tugeot.  1    &-/»,/.    ]" 

y    9-77«8S    9-9°S''9l    \  9-^69"^  \ 'o'i'li' \  }'  '. 
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3S 

9-??4SS« 
9774?'9 
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9-77SHO 

9.905085 
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9.90^80+ 
9.904711 
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9.870529 
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10.129999 
10.129735 
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■W 

9-77S4'° 
9-77(S8» 
9-77S750 
»-77S9"> 
9.776090 

9.904617 
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9.904419 

9-904335 
9.904241 
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9.871057 
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10.128679 
ia,284.j 
10.128151 
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4S 
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1] 

13 
11 
10 

S' 

!• 
S3 
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SS 
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Degree  55. 
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9.780467 
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9.899»i'6 

9-87947* 
9»8Wr4« 
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9.900914 
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9.880528 
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9.782796 


9,900818 
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10.114758 
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4< 
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io.iii6»i 
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S" 
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9 
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!» 

S3 
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9.788370 
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9-«97S«o 

9,8971.3 
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10.109175 
10.109014 
10,108753 
10.10849J 

r 

5 

!« 
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g 

9.788694 
9.788856 
9,789018 
9.789180 
9.78934. 

9.         .6 
9.         .8 
9.         1, 
9-         1' 
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Degree  JS. 
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Sine.      1    &->..     1    1   TMgem.  |     t..<^.    |        | 

o 

9789)4'  1  9.«9'S!'  1    1  989'*'<>  1  '0-IO7I90 1  '"l 

9789504 
9.78966; 
9.789117 
9.789988 
9.790149 

9-89'433 

9.896137 
9.896058 

9.893070 
9.893336 
9.893591 
9-893851 
9.894111 

10.106930 
10.106669 
■  0.106409 

iaio6i49 

10.105889 

55 

9.790)10 
9-79047  • 
9.790*3! 
979'>79! 
97909S4 

9.89J939 
9.895840 
9.89J741 
9.895641 
9.895541 

9.894371 
9.894*31 
9-894891 
9.895151 
9.89541J 

10.105628 
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10.104848 
.0.104588 
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!" 

!■ 

SO 

979" 'S 
9.79117! 
9.791 4j6 
9.791  S96 
979"7!» 

9.89S443 
9-895343 
9.895144 
9.895144 
9,895045 

9.895671 
9,895932 
g.896191 
9.896451 
9.896711 

10.104328 
10.L04068 
10.103808 
10.103(48 
10.103x88 

4I 
4! 

9.791917 
9.?9ad77 
9.79HJJ 
9-79'W 
S79=M7 

'          1 
1          I 
9    .   .  i^ 

9.89697. 
9.897131 
9-897491 
9-897751 
9.898010 

10.103OZ8 
10.102769 
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>o-'<»990 
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4^ 
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4" 

9,791716 
9.791876 
9-7930!! 
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97933(4 

9.894446 
9.894346 
9.894146 
9.894146 
9.8940,6 
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1? 

)S 
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S3 
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3' 
30 
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30 
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9-79383> 
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9-893  84s 
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9-893544 

9.899827 
9.900086 
9.900346 
9.90060; 

1    <i,iw.     1      Si„.      1    1    Cw^.   1    Tuigm..    1  M 

Degree  S"- 

l%e  Itabk  of  Sines  and  Tangents. 

_    _ ■ 

M  I      Sine.     I    Cfi-Jin.    \   |  Tangent.  |    Co-tat^,    f 
50  I  9.794'49  I  9'g93444  I   I  pyo^os  I  ^o>09939S  I  3^  I 


33 
34 
35 


9.794308 
9794467 

9.794626 

9-7947«4 
9-79494« 


9-^93444 

9893343 
9.893243 

9.893142 
9.893041 


9.9QQ864 
^901124 

p.901383 

^901642 

9.901901 


40.099135 
110.098870 
0.098617 

0.0983.5J 

0.098099 


«9 

28 

»7 
«5 


36 

37 
33 

39 

40 


9.795101 

9-795*59 
9-7954*7 
9-795575 
9-795733 


9.892946 
9.892839 
9^92738 
9.892637 
9.8925^ 


9.902160 

?j9.9Q2Ai9 
.902678 
.902937 
19.903196 


0.097839* 
9.097580 

0.097321 

0.097062 

0.096803 


»4 

23 
22 

21 

so 


4» 
4« 
43 
44 
45 


9.795891 
9.796049 
9.796206 
9.796364 
9.796521 


9.892435 
9.892334 
9.892233 
9.8921^2 
9.892030 


•9-903455 
9.903714 

9.903973 

9,904232 

9.904491 


0.096544- 

0.096285 

€^096027 

0.095768 

0.095509 


46 

47 
48 
49 
$0 


9.796678 
9.796836 
9.796993 

9-797«50 
9,797307 


9.891929 
.9.891827 
9.891726 
9.89  r624 
9.891522 


« 


9.904750 
9.905008 
9«905267 
9.905526 
9.905784 


10.09^950 

0-09499' 
0.094733 

«094474 
0.094215 


-14 

»3 
12 

iij 

10 


MPN^i"^ 


53 

55 


9-797464 
9.797621 

9-797777 

9-797934 
9.798091 


9.^91421 
9,891319 
9.891217 
9.891 1 15 
9.891013 


9.906043 
9.906302 
9.906560 
9.906819 

9.907077 


^•09SW!7 
0.093098 

0.093440 

0.093181 

0.992923 


9\ 
8 

I 


$6 
57 
58 

IS 


9.798247 
9.798403 

9.798560 

9.798716 
9.798872 


9.890911 
9.890809 

9.890707 

9.890605 

9.890503 


9.907336 

9-907594 
9.907852 

9.9081  II 

9.908369 


0.092664 
0.092406 
0.092 1^7 
0.091889 
0.091631 


4c 
3. 

2- 
I* 
O 


I    C»-Jmi.    I      Sine.     |    |   Co-tai^.   \  Tangent.    |  M 

JDegitc  5'* 

ren ' 


I 


The  Tuile  of  Snes  and  Tof^ents. 


MMM 


Degree  59. 


M  i     Sine.      I    Chjbu.    )   |  Tangent.  |    Cthftmg.    \ 
o  I  g.79887»  I  9.890503  I   I  9.908569  I  10.091631  I  60 


I 

s 

3 

4 


9.799028  ( {^890400 


9.799184 

9«799339 

9-799495 
9.7996  J I 


9.890298 
9.890195 
9.890093- 
9.889990 


9.9o88«6 
9.909144 
9.909^2 
9.909660 


0.091373 
0.091 1 IX 
0.090650 
e.090598 

0:090340 


59 
S« 

n 
56 

55 


J 

9 
10 


«««i 


9.799606 
9.799961 
9.8001 1 7 
9.800272 
9.800427 


9.889888 
9.889785 
9.889682 
9.889579 
9.889476 


9.909918 
9.910176 
i  9.9  W35 
5.910693 
9.910951 


0.090081 
0*089825 
0.089565 
0.089307 
0.089049 


54 

5« 
50 


II 
la 

H 


mm^ 


9.800582 
9.800737 
9.800892 
9.801047 
9JOI2OI 


9.889374 

9.889271 

9.889167 

9.889064 

9.888961 


9.91 1209 

9.911467 
9.911724 
9.91 1982 
9.912240 


0.088791 

o.o885;33 
0.088275 
0.0S8017 
0.087760 


9^61356 

9.801  CIO 

9.801665 
9.801819 
9.I01973 


^••i 


47 
46 

is 


J5 
'9 


I  I  i   jiiimi'  .1 1 

»i  ;  9,802127 

22!  9.802281 

23'  9.802435 

24.  9.802589 

-35'  9-802743 


9.888858 
9.888755 
9.888651 
9.888548 
9.888444 


9.912498 
9.912756 
9.913014 
9.913271 
9913529 


0.087502 
ao8724^ 
0.086986 
0.086729 
0.086471 


9.888341 
9.888237 
9.888133 
9.888036 
9.887926 . 


9:913787 
9.914044 
9.914302 
9.914560 
9.91 481 7 


0.086213 
0.085956 
0.085698 
0.085440 
0.085183 


44 
43 
42 
4« 

¥> 


3 

3 

37 

36 

35 


z6, 

a? 
j8 

30 


9.802897 
9.803050 
9.803204 
9.803357 
9.803510  I 


9.887822 
9.887718 
9.887614 
9.887510 
9.887406 


9.9^5075 
9.915332 

9.915590 

9,915847 

9.916104 


0084925 
0.084668 
0.0844.10 
0.084153 
0.083895 


34 
33 
32 

3« 

30 


I  C^:/&».  f  ^iiM.  \    \  C^ioMg.   I  TaageaL  |  M 


•.*• 


^m'm'mmtm 


Deg^  50. 


Of  fc^fi 


i¥^ 


The  Tatk  of  Sims  and  Tangents. 


JO  I  9.S03510  I  9.837406  I  I  9.916104. 1 


31 

3^ 
S3 
34 
35 


9.803664 
9.803817 
9.803970 
9.804123 
9.804276 


9.887302 
9.887198 
9.887093 
9.886989 
9.886884 


t"*'^ 


9,916362 
9^916619 
9.916876 
9.917134 
9.917391 


36 
37 
38  I 
39 
40 


4> 

4* 
43 
44 
45 


' 


46 

47 
48 

so 


5' 
5* 
S3 

S4 
S5 


56 


9.804428 
9.804581 
9.804754 
9.804886 

9.8o$038 


9.886780 
9.886675 
9.886571 
9.886466 
9.886361 


9.917648 
9.917905 
9.918162 
9.918420 
9.918677 


9.805191 
9,805343 
9.805^95 
9.805647 
9.805799 


9.886257 
9.886152 
9.886047 
9.885942 
9.885837 


Q.91893'4 
.9.919191 
9.919448 
9.919705 
9*919902 


9.805951 
9.806103 
9.80625^ 
9.806406 
9.806557 


I  t  I 


9.885732 
9.885627 
9.885521 
9.885416 
9.8853  II 


•  9.920219 

.9.920476 

9.920733 

9.920990 

9.921247 


■^■^ 


9.806709 
9.806860 
9.80701 1 
9.807162 
9.807314 


.9.885205 
9.885100 
9.884994 
9.884889 
9.884783 


9.9^1503 
9  921760 
9.922017 
9.922274 
9.922530 


•M^ 


9.807X64 
9.807615 
9.807766 
5.807917, 
9.808067 


9,884677 
9.884572 

9.884f66 
9.884360 
9.884254 


*  9.922787 
9.923644 
9.923300 

9-923557 
9.923813 


0.083895  I  so 


0.083638 
0.083381 
0.083123 
0.082866 
0.082609 


29 
28 

27 
26 

25 


0.082352 
0.082094 
0.081837 
0.081580 
0.08 1 323 


23 
22 

21 

20 


0,08 1 066 1 19 
0.080809  18 
0.080552  17 
0.080295  *^ 
0.080038  15 


0.-079781-  14 

0.079524  13 

0.0)9267  12 

0.079010  II 
0.678753 


0.078496* 

0.078240 

0.077983 

0.077726 

0.077469 


10 

9 
8 

7 
6 


0.077213 
Q.076956 
0.076699 
0.076443 
0.076186 


4 

3 
2 

1 

o 


j    Co-fau.    I      Sine.      |    |    Ca-tang.    \    Tangent    |  M 

Degree  50. 


Tie  T^UifSiMaat^  T^a^ntt. 

Degree  40. 

M  1      Sine.     1    C^-fiu.    \   |  Tan^nt.  |    Co-toj^.    \ 

0  1  9.808067  t  9-8«4«S+  1   1  9-9»j8>3  \  »oo7*>«6  1  60 

9.80811 8 

9.884148 

,.,24070 

,0.075930 

'? 

9.           8 

9.88+043 

9.924527 

,0.075673 

5« 

,.883936 

,.,24583 

,0.0754,7 

!? 

9.           9 

9.8838.9 

9.924839 

,0.075,60 

(6 

9.           9  I  9.883713  I 

,.925096 

10.074904 

iS 

9.808969 

9.883617 

,.,2560, 

10.074647 

!♦ 

9.809119 

9.8835,0 

,0.07439, 

51 

9.809269 

9.883404 

9,25865 

,0.074135 
,0.073878 

?2 

9.809419 

9.883297 

9.926,2, 

•,' 

9.809169 

9.883191 

,9.6378 

,0.073622 

S° 

9.809718 

,.883084 

,.,.66,4 

10.073366 

49 

9.809868 

,.882977 

,.,16890 

,0.0731,0 

4» 

9,810017 

9.882871 

9.927,47 

,0.072853 

47 

9.8 10 1 66 

9.882764 

,.,27403 
9.9.7659 

,0.072597 

46 

9.810316 

9.881657 

10.07.341 

4! 

9.8ioi6; 
9.810614 

9.882550 

9.9.79,5 

10.07.085 

44 

'7 

9.B82443 

9.928,7, 

,0.0718.9 

41 

la 

9.810763 

9.882336 

9.928427 

10.071573 

9.810912 

9882218 

9.928683 

10.0713,7 

4> 

9.810061 

,.882,21 

9,28940 

10.071060 

f> 

9.8MZ10 

,.6820,4 

,.9.91,6 

10.070804 

19 

9.811358 

9.88,907 

9.929452 

10.070548 

J« 

21 

9.811506 

,.88,7,, 

9.929708 

,0.070292 

17 

9.8„6js 

9.88,692 

9.929964 

,0.070036 

16 

9.S11804 

,88,584 

9.9302,9 

,0.06978, 

!S 

9.81 19S2 

,.88,477 

9-9JO+7S 

,0.06,525 

14 

9.812100 

9.88, 369 

,.930731 
9930987 

,0.06,269 

9.8.  2M 

9.88126, 

,0.0690,3 

aq 

g.812396 

9.88,  ■„ 

,.,3,243 

10,068757 

1' 

30 

9-8"S<4 

,.88,045 

9-9!  H99 

,0.068501 

30 

&/«.    1      Sine.      1    1    Co-tmg.    1  Taag«tt.   \  M 

Degree  49. 

The  ^abk  of  Sines  and  Tangents. 


Degree  40. 


M  I      Sine.     |    Co-fait.    \   \  Tangent.  |     Co-iaug.    \ 


30  I  9.812544  j  9.881045  I    I  9.931499  I  10.068501  I  30 


31 
32 
33 
34 
35 


9.812692  1  9.880937 


9.812840 
9.812988 
9.813135 
9.813283 


9.880829 
9.880721 
9.880613 
9.880505 


9-93»7S5 
9.932010 

9.932266 

9.9^2522 

9.932778 


10.068245 
10.067989 
10.067734 
10.067478 
10.067222 


29 
28 

26  p 


36 

37 
3B 

39 

40 


9.813430 
9.813578 
9.813725 
9.813872 
9.814019 


9.880397 
9.880289 
9.880180 
9.880072 

9*879963 


9933033 
9.933289 

9-93354S 
9.933800 

9.934056 


10.066967 
10.066711 
10.066455 
10.066200 
10.065944 


23 
22 

21 

20 


4« 

4^ 
43 
44 
45 


9.8I4I66 

9.879855 
9.879746 

9-9343" 

9.814313 

9*934567 

9.814460 
9.814607 

9.879637 

9.934812 

9.879529 

9-935078 

9.8J4753 

9.8794*0 

9-935333 

10*065688 

10.065433 

10.065177 
10.064922 
10.064666 


»9 
18 

»7 
16 

'5 


46 
47 
48 
49 

50 


9.814900 
9.815046 
9.815193 
9.815339 
9.815485 


9.8793  u 
9.879202 
9.879093 
9.878084 
9.878875 


9-935589 

9-935844 
9.936100 

9.936355 

9.936610 


10.064411 
10.064156 
10.063900 
10.063645 
10.063389 


H 

»3 
12 

II 

10 


51 

S3 
54 
55 


9.815631 
9.815777 
9.815923 
9.816069 
9.8162x5 


9.878766 
9.878656 
9.878547 
9.878438 
9.878328 


9.936866 
9.937121 
9,937576 
9.937632 
9.937887 


10.063134 
10.062879 
10.062623 
10.062368 
10.062113 


9 
8 

7 
6 

5 


56 
57 
58 


9.816361 
9.816506 
9.816652 
9.816797 
9.816943 


9.878219 
9.878109 
9.877999 
9.877890 
9.877780 


9.938142 
9.938397 
9.938653 
9.938908 
9.939163 


10.061858 
10.061662 
10.061347 
10.061092 
1 0.0608  3  7 


4 

3 

2 

I 
o 


I    Co-fine.    I      Sine.      |    |    Ca-tang.    \  Tangent.    |  M 

■  '  .11  „<ii      I    II  I  I  u         11 

Degree  49. 


■MM 


?2pf  ^iAk  0f  Sines  and  Tangents. 

Degree  41* 
m1      Sine!     |    C^jSm.    \    |  TaagsoL  |    CW^nr^ .    | 

o  I  9.816943  I  9*877780  I  .|  9.939163  I  10.060837^1  60 

■  ■  ■  '■    I    11  ■         I  ■^——■1  ————— 


9.817088 

9.817233 

3    9.817378 

5  I  9.8176M 

-  —  -  ^ 


9.877670 

9.877560 
9.8774JO 

9.87754^ 
9-d77z30 


9.939^18 

9-939^73 
9.939918 

9-940i8t 
9.940438 


0.060582 
o.o6o3S7 
ox>6oo7t 
0^059817 
0.059568 


6 

7 
8 

9 
10 


9.81 7S1 3 
9.817958 
9.818103 
9.818247 
9.819392 


9.S77120 
9.877009 
9.87099 

9-«767«9 
9.1^76679 


9.94069s 

9-94»94^ 
9.941203 

9^1458 
9^«7>J 


0.059307 
0.059052 

0-05^797 
0.05854s 

aofi087 


4 

3 

2 

t 
SO 


II 
12 

13 
«4 
«5 


9.818536 
9.818681 
9.818825 
9.818969 
9.819113 


9.87656^ 
9.876457 
9.876347 
9.876236 
9.876125 


9^1968 
9.94^:123 

9-94*47* 

9^94«7|3 
9942988 


0.058032 
0.057777 
0^7522 
0^057267 
0*057012 


49 
4« 
47 
46 

45 


i6 

«7 
18 

»9 

20 


9.819257 
9.819401 
9.819545 
9.819689 
9.819832 


9.876014 
9.875904 

9-»75793 
9.875682 

9.875571 


9-943*43 
9.943498 

9-94375» 
9.944007 

9.944262 


<>.056757 
0^056502 
0.056248 
0.055993 
0.055738 


43 
4* 
41 
¥> 


21 

22 

23 
24 
25 


9.819976 
9.820119 
9.820263 
9.820406 
9.820549 


9-875459 

9-87534« 
9.875237 

9.875125 

9.875014 


9-9445  "7 

9-94477« 
9.945026 

9945281 
9-945535 


0.055483 
0.055229 

0-054974 
0.054719 

0.054464 


39 

38 

37 
36 

35 


26 

27 
28 

2^ 
30 


9.820693 
9.820836 
9.820979 
9.821122 
9.821264 


9.874903 
9.874791 
9.874670 
9.874568 
9.874456 


9945790 
9.946045 

9.946299 

9946554 
9946808 


0.054210 
0.053955 
0.053701 
0.053446 
0.053192 


34 
33 
3* 
3« 
30 


I    Co'Jfne,    I      Sine.      |    |    Co-tang,   |    Tangent.    |  M 


Degree  48. 


i*   m 


I 


^•«*' 


w 


Tin  Table  of  Sines  and  Tangents, 


Degree  41. 


M  I      Sine.     )    Cojine,    \   \  Tangent.  )    C^-umg.    \ 


30  ]  9.8^1264  t  9.8^44^6  I  I  9.946808  I  iao53i92  I  30 


3.» 

« 
34 
35 


9.821407 
9.821550 
9.821092 
9.821835 
9.821977 


9.874344 
9.874232 
9.874120 
9.874008 
9.873896 


9,94706} 
9,947317 

9-947572 
9.947826 

9.948081 


*  10.052937 
iao52(682 
10.052428 
10.05^173 
10.051919 


29 
28 

*7 
26 

*5 


36 

37 
38 
39 
40 


9.822120 
9.822262 
9.822404 
9.822546 
19.822688 


9.873784 
9.873672 
9,873560 

9-873447 
9.873335 


9-94«335 
9.948590 

9.948844 

9.949099 

9-949353 


to.051664 
10.051410 
10.051156 
10.050901 
10.050647 


1— •■ 


»4 

*3 
22 

21 

10 


4» 

4« 
43 
44 
45 


9.822830 
9.822972 
9.823114 
9.823255 
9.823397 


9.873223 
9.873^10 
9.872^8  f: 
9.872S85 
9.872772 


■•WF 


9.949607 
9.949862 
9.950116 
9.950370 
9.950625 


10.050393 
10.050138 
16.049884 
10.049630 

10.049375 


»9 

18 

46 

«5 


4^ 

47 
48 

49 


9.821^38 
9.823680 
9.823821 
9.823962 
9.824104 


-9.872659 
9.872546 
9.872434 
9.872321 
9.872208 


9.950879 

9  95  "33 
9.951388 

9.951642 

9.951896 


10.049121 
10.048867 
10.048612 

10,048358 

10.Q48104 


^^ 


»3 

12 
II 

10 


5* 
5? 
54 
55 


9.824245 
9.824386 
9.824527 
9.824667 
9.824808 


9.872094 
9.871981 
9.871868 
9.871755 
9.871641 


.9.952150 

9-952404 
9.952659 

9.952913 

9.953167 


10.047850 
10.047595 
10,047341 
10.047087 , 
10.046833 


56 

57. 
5«l 

I? 


9.824949 
9.825090 
9.825230 
9.825370 
9.82551  I 


9.871528 
9.871414 
9.871301 
9.871187 

9.871073  _^ 


9.95U2I 
9.953675 
9.953929 
9.954183 

9-954437 


10.046579 
10.046325 
10.046071 
10.045817 
10.045562 


9 

3 

7 
6 


4 
3 
z, 
I 

o 


I    Cojine,     ]      Sine.     J    j    Co-tan^,    |   Tangent.   |  M 

Degree  48. 

rs-] 


The  Tabk  of  Sines  and  TatigetUs. 


■p* 


Degree  42. 


ivl  I      Sine.      |    Cojme,     \    |  Tangent.  | 


I 


o  I  9,»a55i 


1 

2 

3 
5 


9.82565 
9.82579 
9.82593 
9.82607 
9.82621 


7 
8 

9 

10 


9.82635 

9.82649 

9.82663 

9.826770 

9.826910 


9.871073  I  I  9-954^37  I  10.045562  I  60. 


9.870960 
9.870846 
9.870732 
9.870618 
9.870504 


9.954091 

9-954945 
9.955199 

9-955453 
9955707 


10.945308 
10.045054 
10.044800 
10.044546 
10.044292 


9.870390 
9.870275 
9.8701 6 1 
9.870047 
9.869933 


9.955961 
9.956215 
9.956469 
9.956723 
9.956977 


10.044038 
10.043784 
10.043531 
10.043277 
10.043023 


16 

»7 
18 

«9 
20 


9.827745 
9.827884 
9.828023 
9.828162 
9.828301 


9.869245 
9.869130 
9.869015 
9.868900 
9.868785 


9.958500 

9958754 
9.959008 

9.959262 
9'9595»5 


10.041500 
10.041246 
10.040992 
10.040738 
10.040485 


21 

22 

23 

H 
2: 


9.828439 
9.828578 
9.828716 
9.828855 
9.828993 


9.868670 
9.868555 
9.868439 
9.868324 
9.868209 


9.959769 
9.960023 
9.960277 
9.960530 
9.960784 


10.040231 
10.039977 
10.039723 
10.039469 
10.0392x6 


26 

27 
28 

29 

3^ 


9.829131 
9.829269 
9.829407 
9.829545 
9.82968'? 


9.868093 
9.867978 
9.867862 
9.867747 
9.867631 


9.961038 
9.96 1 29 1 
9.961545 
9.961799 
9.962052 


10.038962 
10.038608 
10.0J8455 
10.038201 
10.037947 


59 
5« 

56 
55 


u 

9.827049 

9.869818 

■ 

9-95723» 

10.042769 

12 

9.827189 

9.869704 

9-957485 

10.042515 

«3 

9.827328 

9.869589 

9-957739 

10.042261 

H 

9.827467 

9.869474 

9-957993 

10.042007 

«5 

9.827606 

9.869360 

9.958246 

10.041753 

53 
52 
S> 

1? 

49 
48 

$ 

45 


44 
43 
42 

4« 

40 


39 
38 
37 
36 

35 


^hi«Ba« 


I    Cq'Jskc.    I      Sine.      |    |    Co-ta/ig,    |  Tangent.   |  M 


DcgjTce  47. 


34 

33 

3^ 

3» 
30 


rr 


^^^m 


•f 


The  TaSlc  of  Sines  and  Tangenh. 


Degree  42. 


M  I   Sine.   I  Ce-Jtui,    \    |  Tangent.  | 


%o  I  9.829683  I  9.867631  I  I  9.962052  I 


3» 

34 
35 


36 

39 

40 


4« 
4* 
43 
4* 
45 


46 

47 
48 

49 

50 


5« 

5^ 
53 
54 
55 


56 

57 

58 

59 
60 


9.829821 
9.829959 
9.830096 
9.830234 
9.830372 


9.867515 
9.867399 
9.867283 
9.867167 
9.867051 


9.962306 
9.962560 
9962813 
9.963067 
9.963320 


9.830509 
9«83o646 
9.830784 
9.830921 
9.831058 


9.^66935 
^.866819 
9. 866  70  j 
9.866586 
9.866470 


9.963574 
9.963827 
9.964081 

9-9^4335 
^.964588 


9.831 195 
9.831332 
9.831460 
9.831606 
9.831742 


9,866353 
9.866237 
9.866120 
9.866004 
9.865887 


9.964842 
9.965095 
9.96  j  348 
9.965602 
9.965855 


9.831879 
9.832015 
9.832152 
9.832288 
9.832425 


9.865770 
9.865653 
9.865536 
9.865419 
9.865362 


9.966109 
9.966362 
9.966616 
9.966869 

9.9671 2< 


9.832561 
9.832697 
9:832833 
9.832969 
9.833105, 


9.865185 
9.865068 
9.864950 
9.864833 
9.864716 


9.967376 
9.967629 

9.967883 

9.968136 
9.998389 


9.833241 
9.833376 
9.833512 
9.833648 
9.833783 


9.864598 
9.864480 
9.864363 
9.864245 
9.864127 


9.968643 
9:968896 
9.969149 
9.969403 
9.969656 


Ca-tang,     \ 


0.037947  I  30 


0.037694 
0.037440 
0.037187 
0.036933 
0.036680 


0.036426 
0.036173 
0.035919 
0.03506^ 
0.035412 


0.035158 
0.034905 
o.d3465i 
0.6^4398 
0.034144 


0.033891 
0.033638 
0.033384 
0.033131 
a.032878 


0.032624 
0.032371 
0.032117 
0.031864 
0.03161 1 


0.031357 
0.031 104 
0.03085 1 
0.030597 
0.030344 


Ml 


Degree  47. 

— nrrr 


f9 
i8 

26 

^5 


^4 
«3 

22 
21 
20 


'9 
18 

?7 
16 

«5 


14 

»3 
12 

11 

10 


9 

8 

I 


4 

3 

i 

1 

o 


I  Co-fine,    I   Sine..  |  I  Cn^tang,    \   Tangent.  [  M 


■v* 


*» 


^      >r 


Tie  Table  of  Sines  and  Tangents. 


i*M^ 


Degree  43, 


M  I      Sine.     I    Qo'fiu,    |    |  Tangent.  |    (h-tattg.    | 

^  I  9-833783  I  9-864127  I    I  9.969656  1   10.030344  I  60 


t 

z 

3 

4 
5 


9.833919 

9-834054 
9.834189 

9-8J43M 
98344^ 


9.864010 
9.863892 

9863774 
9.863656 

9.863537 


9.969909 
9.970162 
9.970A16 
9.970669 
9.970922 


16.03009!  I  59 
10^029838  59 
10.029584  57 
10.029331  56 
1 6.02907^  55 


7 
8 

9 
10 


9-834595 
9.834730 

9.834865 

9.834999 

9-835  >  54 


9.863419 
9.863301 
9.863183 
9*863064 
9.862946 


9-97  "75 
9-97428 

9*971682 

9-97 '93  5 
9.972188 


10.028825 
10.028571 
10.028318 
1 0.028065 
10.027812 


54 
53 

S" 

59 


u 
12 

«3 
H 
»5 


9.835269 

9-8354^3 
9-835538 

9.835672 

9.835806 


9.862827 
9.862709 
9.862590 
9.862471 
9.862353 


.9-972441 
9.972694 

9.972948 

9.973201 

9-973454 


10.027559 
10.027306 
10.027052 
10.026^90 
iojo^6540 


49 
4« 
47 
46 
45 


16 

17 
18 

»9 

20 


9.835941 

9.836075 
9.836209 
9.836343 

9.836477 


9.862234 
9.862115 
9«86i996 
9.861877 
9.861757 


9.973707 
9.973960 
9.97421} 

9-974466 
9.974719 


10.0^6293 
10.0^6040 
16.015787 
1 0*0255  J3 
10.025280 


44 
4S 
4* 
4' 
40 


21 

9.836611 

9.861638 

9-974973 

22 

9.836745 

9.861519 

9.975226 

23 

9.836878 

9.861399 

9-975479 

24 

9.837012 

9.861280 

9-97573* 

25 

9837146 

9.861161 

1  9-975985 

10.025027 
10.024774 
10.024521 
10.024268 
10.024015 


30 

S8 

57 

35 


26 

27 
28 

29 

30 


9.837279 
9.837412 
9.837546 
9.837679 
9.837812 


9.861 041 
9.860921 
9  860802 
9.860682 
9.860562 


9.976238 
9976491 

9-97674^ 
9.976997 

9977250 


10.023762 
10.023505 
10.023256 
10.023003 
10.022750 


34 

33 

3» 

3» 
30 


I    Co-/rfte,    \      Sine.       |    |    C^-tamj^.    |    Tangent.    \  M 


Degree  46. 


**»^ 


m 

i 


iiN*l 


Aim 


irtMMta 


f 


I 

1 


The  Takte  of  Sines  and  Tcf^ents. 


Degree  43. 


M  I      Sine.     |    O^.    |  .|  Tangent.  |    Co-tm^.    \ 


30  I  9.837812  I  9.86056a  I   I  9.977250  I  10.022750  I  30 


3« 

32 

33 
34 
35 


9-837>45 
9.838078 

9.63821 1 

9.838544 
9.^38477 


9.860442 
^.860322 
9.860202 
^.860082 
9.859962 


9.977503 
9.977756 
^.978009 
9.978162 
^.978515 


36 

37 
38 
39 


9.838609 
9.838742 
9.838875 
9.839007 


40  I  9-839»40 


9.859842 
9.859721 
9^59601 
9.859480 
^.^59360 


4» 
4^ 

43 
44 
45 


9.839272 
9.83940A 

9839536 
9.839668 

9.839800 


MiN 


9.978768 
9.979021 
9.979274 
9.979527 

2-979780 


9.859239 
9.859119 
9.858998 
9.858877 
9.858756 


9.980033 
9.980285 
9.980538 
9.980791 
9.981044 


46 

47 
48 

49 
50 


9.839932 
9.840064 
9.840196 
9.840428 
9.840459 


9.858635 
9.858514 
9.858393 
9.858272 
9.858150 


9.981297 
9.981550 
9.981803 
9.982056 
9.982309 


5» 
5* 
53 
54 
55 


9.840591 
9.840722 
9.840854 
9.840985 
9.841 1 16 


9.858029 
9.857908 
9.857786 
9.857665 

9-857543 


•  9.982562 
9.982814 
9.983067 
9.983320 

9-983573 


56 

57 

58 

59 
60 


9.841247 
9.841378 
9.841509 
9.841640 
9.841771 


9.857421 
9.857300 
9.857178 
9.857056 
9.856934 


9.983826 
9.984079 
9.984331 
9.984584 
9.984837 


0.022497 
0.022244 
0.021991 
0.021738 
0.021485 


£9 
28 

*7 
26 

^5 


6.02iit32 
0.020979 
0.020726 
0.020473 

0.O2O22;O 


23 

Z2 
21 
20 


0.019967 
0.019714 
0.019461 
6.019209 
0.018956 


■■«■ 


■Mitai^ 


0.018703 
0.018450 
0.018197 

0.01^944 
0.0 1 769 1 


4 

3 

2 

I 

o 


0.017438 
0.017185 
0.016933 
0.0 1 6680 
0.016427 


9 
8 

I 

5 


0.016174 
0.015921 
0.015668 
0.01 5416 
0.015163 


4 

3 

2 

1 
o 


I'  Co-j!Ke.    I     Sine.      |    |    Co-toMg.   \   Tangent.    |  M 

Ml  ■  .  ■    ■    I  I       1 

Degree  46. 


m^ 


Th  Table  of  SiHts  and  Tat^ents. 


Degree  44.. 


M  I      Sine.      I    Co^Jtm.    \    |  Tangent,  j     Co-tang,   \ 

o  }  9.841771  I  9-85^934  1    '  9-9M37  I  io.oici6a  I  60 

I      '  '  '     ' 


I 
t  2 

3 

4 
5 


9.84190Z  9.8568it 


9.842033 
9.84216^ 
9.842294 
9.842424 


9.856690 
9.856568 
9.856445 
9.856323 


9.985090 

9-9^5343 
9.985596 

9.985848 

9.980101 


6 


;io 


9.842555 
9.842685 
9.842815 

9  f  9-84294$ 
9.843076 


9.856201 
9.856078 
9.85:5956 
9.855833 
9.855710 


9.986354 
9.986607 
9.9868^9 
9.9871 1  ^ 
9.987365 


II 
12 

»3 

»4- 

»5 


9.843206 

9-«4330 
9.843465 

9-843595 
9-84S725 


9.855588 
9.855465 

9-855342 
9.855219 

9.855096 


9.98761 8 
9.987871 
9.988123 
9.988376 
9,988629 


0.014910 
0.014657 
0.014404 
0.01 41 5 1 
0.013899 


0.013646 
0.013393 
0.013140 
0.012888 
0.012635 


0.012382 
0.012 1 29 
0-011877 
0.0  II 624 
0.011371 


59 

58 

n 

55 

54 

52 

5« 


49 
4« 
47 
46 

45 


17 
18 

»9 
20 


9.843855 
9.843984 
9.844114 
9.844243 
9844372 


9854973 
9-854850 

9.854727 

9.854603 

9.854480 


9.988882 
9.9891 34 
9.989387 
9.989640 

9  989893 


o.oi  1 1 1 8 
0.010866 
0.010613 
0.010360 
0.010107 


21 

23 
24 
25 


9.844502 

9.844631 

9.844760 
9.844889 
9.845018 


9.854356 
9.854233 

9.854109 
9.853986 

9.855862 


9.990145 
9.990398 
9.99065 1 
9.990903 
9.991156 


0.009855 
0.009602 

0.009349 

0^009096 
0.008844 


44 
43 
4* 
4« 

Jf 

39 
58 
37 
36 

3J 


26 

27 
28 

29 
30 


9.845147 
9.845276 
9.845404 

9-845533 
9.845662 


9-853738 
9.853614 

9.853490 

9.853366 

9.853242 


9.991409 
9.991662 
9.991914 
9.992167 
9.992420 


0*008598 
0.008331 
0.008086 
0.007833 
0.007580 


34 
33 
32 

3« 

30 


I 


I    Co-fine.    I      ^ine.      |    |    Cefang.  |    Tangent.    |  M 


Degree  45. 


m^ 


^•^n 


^^iiWi 


The  Tabk  of  Sines  and  Tangents. 


Degree  44. 


M  I     Sine.      1^  G-Jlne.    \    \     Tangent.  [     Co-tan^,     \ 

30        I        0.845662        I        9.^3242        I  I  9.992420        I  rO.007^0        I  30 


9.845790 
5.845919 

13  :i9.-84eo47 
J4  19.846175 

35  r  9-846304 


3» 
32 

33 

.34 


9853118 
9.852994 
9.85£869 
•9:552745 
9. 8c  2620 


4.992672 

♦•992925 
1.993 1 78 

•993430 
.993683 


10.007328 
10.007075 
X  0.006822 
10.006569 
10.006317 


36  9.846432 

37  9.846560 
3$  .9.846688 

39  I  9.846816 

40  I  9.846944 


9.852496 
^.852371 
^952246 

^.8^1907 


41 
42 
43 

44 

45 


9.847071 
9.847199 
9.847327 

9-847454 
9.847582 


46 
47 


9.847709 
9.847836 


48  I,  g.847964 

49  1  9-84809 » 

50  9.8482x8 


p.851872 

1 9^^747 
0.85 1 6z2 

^.851497 

I9I85I24&" 
9.85I12I 

9^0996 

9^0870 

9.850745 


9.993936 
f 9941 89 

5-994441 
9.994694 

^994947 


10.006064 
10.005811 

X0.005559 
X  0.005  306 
10.005053 


9.995199 

^•995452 
9.995705 

9-995957 
9.9962x0 


1 0.00480  X 
X  0.004548 
10.C04295 
10.004043 

10.003790 


9.996463 

9.996715 

•9»996968 

9,997220 

^-987473 


10.003537 
10.003285 
10.003032 
X0.002779 
10.002527 


5» 
52 
53 
54 
55^ 

56' 

57 
58 

59 

60 


9.848345 
9.848472 
9.848599 
9.848726 
9.848852 


9.850619 
9.^50493 
9-»S^6;, 
9^f^2 
9««5oii6 


^9-84897? 
9.849x06 

9.849232 

9.849359 

9.849485 


9.849990 
9,849804 

9.849737. 

9. 8496  XX 

9.849485 


9.997726 

9-997979 
9.99823  X 

9,998484 

J;99?737_ 

9.998989 
9.999242 

9-999495 

9-999747 
X  0.000000 


10.002274 
10.00202  X 
X  0.001 769 
iaoox5x6 
10^00x263 


10.00x01 1 
10.001758 
10.000505 
10.000253 
x  0.000000 


29 

28 

27 
26 

2C 


24 

23 
22 

Zl 

20 


*9 
18 

17 
16I 

«5 


»3 
12 

IX 

10 


9 

8 

7 
6 


4 

3 

2 

1 

o 


1 

Ohfine. 

1 

Sine. 

1  1 

Co'tang, 

I  Tangent. 

|M 

Degree 

45- 

